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Executive Summary

Education is the key to America’s economic growth and prosperity and to our ability to
compete in the global economy. It is the path to good jobs and higher earning power for
Americans. It is necessary for our democracy to work. It fosters the cross-border, cross-
cultural collaboration required to solve the most challenging problems of our time.

Under the Obama administration, education has become an urgent priority driven by two
clear goals. By 2020,

» We will raise the proportion of college graduates from where it now stands [39%] so that
60% of our population holds a 2-year or 4-year degree.

» We will close the achievement gap so that all students — regardless of race, income, or
neighborhood — graduate from high school ready to succeed in college and careers.

These are aggressive goals and achieving them is a sizable challenge. Add to the challenge
the projections of most states and the federal government of reduced revenues for the fore-
seeable future, and it is clear we need cost-effective and cost-saving strategies that improve
learning outcomes and graduation rates for millions of Americans.

Specifically, we must embrace innovation, prompt implementation, regular evaluation, and
continuous improvement. The programs and projects that work must be brought to scale
so every school has the opportunity to take advantage of that success. Our regulations,
policies, actions, and investments must be strategic and coherent.

Transforming American Education

To achieve these goals, the National Educational Technology Plan (NETP) calls for
revolutionary transformation rather than evolutionary tinkering. It urges our education system
at all levels to

 Be clear about the outcomes we seek.
» Collaborate to redesign structures and processes for effectiveness, efficiency, and flexibility.
» Continually monitor and measure our performance.

» Hold ourselves accountable for progress and results every step of the way.

Just as technology is at the core of virtually every aspect of our daily lives and work, we must
leverage it to provide engaging and powerful learning experiences, content, and resources and
assessments that measure student achievement in more complete, authentic, and meaningful
ways. Technology-based learning and assessment systems will be pivotal in improving student
learning and generating data that can be used to continuously improve the education system
at all levels. Technology will help us execute collaborative teaching strategies combined with
professional learning that better prepare and enhance educators’ competencies and expertise
over the course of their careers. To shorten our learning curve, we can learn from other kinds of
enterprises that have used technology to improve outcomes while increasing productivity.
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A 21st Century Model of Learning Powered by Technology

The NETP presents a model of 21st century learning powered by technology, with goals and
recommendations in five essential areas: learning, assessment, teaching, infrastructure, and
productivity. The plan also identifies far-reaching “grand challenge problems” that should be

funded and coordinated at a national level.

The challenging and rapidly changing demands of our global economy tell us what people
need to know and who needs to learn. Advances in learning sciences show us how people
learn. Technology makes it possible for us to act on this knowledge and understanding.

Learning

The model of 21st century learning described in this plan calls for engaging and empowering
learning experiences for all learners. The model asks that we focus what and how we teach
to match what people need to know, how they learn, where and when they will learn, and
who needs to learn. It brings state-of-the art technology into learning to enable, motivate,
and inspire all students, regardless of background, languages, or disabilities, to achieve. It
leverages the power of technology to provide personalized learning instead of a one-size-
fits-all curriculum, pace of teaching, and instructional practices.

Many students’ lives today are filled with technology that gives them mobile access to
information and resources 24/7, enables them to create multimedia content and share it with
the world, and allows them to participate in online social networks where people from all
over the world share ideas, collaborate, and learn new things. Outside school, students are
free to pursue their passions in their own way and at their own pace. The opportunities are
limitless, borderless, and instantaneous.

The challenge for our education system is to leverage the learning sciences and modern
technology to create engaging, relevant, and personalized learning experiences for all
learners that mirror students’ daily lives and the reality of their futures. In contrast to
traditional classroom instruction, this requires that we put students at the center and
empower them to take control of their own learning by providing flexibility on several
dimensions. A core set of standards-based concepts and competencies should form the
basis of what all students should learn, but beyond that students and educators should have
options for engaging in learning: large groups, small groups, and work tailored to individual
goals, needs, interests, and prior experience of each learner. By supporting student learning
in areas that are of real concern or particular interest to them, personalized learning adds to
its relevance, inspiring higher levels of motivation and achievement.

In addition, technology provides access to more learning resources than are available in
classrooms and connections to a wider set of “educators,” including teachers, parents,
experts, and mentors outside the classroom. On-demand learning is now within reach,
supporting learning that is life-long and life-wide (Bransford et al., 2006).

What and How People Need to Learn

Whether the domain is English language arts, mathematics, sciences, social studies, history,
art, or music, 21st century competencies and expertise such as critical thinking, complex
problem solving, collaboration, and multimedia communication should be woven into all
content areas. These competencies are necessary to become expert learners, which we all
must be if we are to adapt to our rapidly changing world over the course of our lives, and
that involves developing deep understanding within specific content areas and making the
connections between them.
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How we need to learn includes using the technology that professionals in various disciplines
use. Professionals routinely use the web and tools such as wikis, blogs, and digital content
for the research, collaboration, and communication demanded in their jobs. They gather data
and analyze it using inquiry and visualization tools. They use graphical and 3D modeling
tools for design. For students, using these real-world tools creates learning opportunities that
allow them to grapple with real-world problems — opportunities that prepare them to be more
productive members of a globally competitive workforce.

Assessment

The model of 21st century learning requires new and better ways to measure what matters,
diagnose strengths and weaknesses in the course of learning when there is still time to
improve student performance, and involve multiple stakeholders in the process of designing,
conducting, and using assessment. In all these activities, technology-based assessments
can provide data to drive decisions on the basis of what is best for each and every student
and that in aggregate will lead to continuous improvement across our entire education
system.

President Obama has called on our nation’s governors and state education chiefs to develop
standards and assessments that measure 21st century competencies and expertise — critical
thinking, complex problem solving, collaboration, and multimedia communication — in all
content areas. Technology-based assessments that combine cognitive research and theory
about how students think with multimedia, interactivity, and connectivity make it possible to
directly assess these types of skills. And we can do so within the context of relevant societal
issues and problems that people care about in everyday life.

When combined with learning systems, technology-based assessments can be used
formatively to diagnose and modify the conditions of learning and instructional practices
while at the same time determining what students have learned for grading and
accountability purposes. Both uses are important, but the former can improve student
learning in the moment (Black & William, 1998; Black et al., 2004). Furthermore, systems
can be designed to capture students’ inputs and collect evidence of their knowledge and
problem solving abilities as they work. Over time, the system “learns” more about students’
abilities and can provide increasingly appropriate support.

Using Data to Drive Continuous Improvement

With assessments in place that assess the full range of expertise and competencies
reflected in standards, student learning data can be collected and used to continually
improve learning outcomes and productivity. For example, such data could be used to create
a system of interconnected feedback for students, educators, parents, school leaders, and
district administrators.

For this to work, relevant data must be made available to the right people at the right time
and in the right form. Educators and leaders at all levels of our education system also must
be provided with support — tools and training — that can help them manage the assessment
process, analyze data, and take appropriate action.
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Teaching

Just as leveraging technology can help us improve learning and assessment, the model
of 21st century learning calls for using technology to help build the capacity of educators
by enabling a shift to a model of connected teaching. In such a teaching model, teams

of connected educators replace solo practitioners and classrooms are fully connected to
provide educators with 24/7 access to data and analytic tools as well as to resources that
help them act on the insights the data provide.

The expectation of effective teaching and accountability for professional educators is a
critical component of transforming our education system, but equally important is recognizing
that we need to strengthen and elevate the teaching profession. This is necessary if we

are to attract and retain the most effective educators and achieve the learning outcomes

we seek. Just as leveraging technology can help us improve learning and assessment,
technology can help us build the capacity of educators by enabling a shift to a model of
connected teaching.

In a connected teaching model, connection replaces isolation. Classroom educators are
fully connected to learning data and tools for using the data; to content, resources, and
systems that empower them to create, manage, and assess engaging and relevant learning
experiences; and directly to their students in support of learning both inside and outside
school. The same connections give them access to resources and expertise that improve
their own instructional practices and guide them in becoming facilitators and collaborators in
their students’ increasingly self-directed learning.

In connected teaching, teaching is a team activity. Individual educators build online learning
communities consisting of their students and their students’ peers; fellow educators in their
schools, libraries, and afterschool programs; professional experts in various disciplines
around the world; members of community organizations that serve students in the hours they
are not in school; and parents who desire greater participation in their children’s education.

Episodic and ineffective professional development is replaced by professional learning that
is collaborative, coherent, and continuous and that blends more effective in-person courses
and workshops with the expanded opportunities, immediacy, and convenience enabled by
online environments full of resources and opportunities for collaboration. For their part, the
colleges of education and other institutions that prepare teachers play an ongoing role in the
professional growth of their graduates throughout the entire course of their careers.

Connected teaching enables our education system to provide access to effective teaching
and learning resources where they are not otherwise available and provide more options

for all learners at all levels. This is accomplished by augmenting the expertise and compe-
tencies of specialized and exceptional educators with online learning systems and through
on-demand courses and other self-directed learning opportunities. Clearly, more teachers will
need to be expert at providing online instruction.

21st Century Resources for Professional Educators

The technology that enables connected teaching is available now, but not all the
conditions necessary to leverage it are. Many of our existing educators do not have the
same understanding of and ease with using technology that is part of the daily lives of
professionals in other sectors. The same can be said of many of the education leaders and
policymakers in schools, districts, and states and of the higher education institutions that
prepare new educators for the field.
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This gap in technology understanding influences program and curriculum development,
funding and purchasing decisions about educational and information technology in schools,
and pre-service and in-service professional learning. This gap prevents technology from
being used in ways that would improve instructional practices and learning outcomes.

Still, we must introduce connected teaching into our education system rapidly, and therefore
we need innovation in the organizations that support educators in their profession — schools
and districts, colleges of education, professional learning providers, and professional
organizations.

Infrastructure

An essential component of the 21st century learning model is a comprehensive infrastructure
for learning that provides every student, educator, and level of our education system with

the resources they need when and where they are needed. The underlying principle is that
infrastructure includes people, processes, learning resources, policies, and sustainable
models for continuous improvement in addition to broadband connectivity, servers, software,
management systems, and administration tools. Building this infrastructure is a far-reaching
project that will demand concerted and coordinated effort.

Although we have adopted technology in many aspects of education today, a comprehensive
infrastructure for learning is necessary to move us beyond the traditional model of educators
and students in classrooms to a learning model that brings together teaching teams and
students in classrooms, labs, libraries, museums, workplaces, and homes — anywhere in the
world where people have access devices and an adequate Internet connection.

Over the past 40 years, we have seen unprecedented advances in computing and
communications that have led to powerful technology resources and tools for learning.
Today, low-cost Internet access devices, easy-to-use digital authoring tools, and the web
facilitate access to information and multimedia learning content, communication, and
collaboration. They provide the ability to participate in online learning communities that cross
disciplines, organizations, international boundaries, and cultures.

Many of these technology resources and tools already are being used within our

public education system. We are now, however, at an inflection point for a much bolder
transformation of education powered by technology. This revolutionary opportunity for
change is driven by the continuing push of emerging technology and the pull of the critical
national need to radically improve our education system.

Always-on Learning Resources

Our model of an infrastructure for learning is always on, available to students, educators,
and administrators regardless of their location or the time of day. It supports not just access
to information, but access to people and participation in online learning communities. It offers
a platform on which developers can build and tailor applications.

An infrastructure for learning unleashes new ways of capturing and sharing knowledge
based on multimedia that integrate text, still and moving images, audio, and applications
that run on a variety of devices. It enables seamless integration of in- and out-of-school
learning. It frees learning from a rigid information transfer model (from book or educator to
students) and enables a much more motivating intertwine of learning about, learning to do,
and learning to be.
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On a more operational level, an infrastructure for learning brings together and enables
access to data from multiple sources while ensuring appropriate levels of security and
privacy. It integrates computer hardware, data and networks, information resources,
interoperable software, middleware services and tools, and devices and connects

and supports interdisciplinary teams of professionals responsible for its development,
maintenance, and management and its use in transformative approaches to teaching and
learning.

Productivity

To achieve our goal of transforming American education, we must rethink basic assumptions
and redesign our education system. We must apply technology to implement personalized
learning and ensure that students are making appropriate progress through our K-16 system
so they graduate. These and other initiatives require investment, but tight economic times
and basic fiscal responsibility demand that we get more out of each dollar we spend. We
must leverage technology to plan, manage, monitor, and report spending to provide decision-
makers with a reliable, accurate, and complete view of the financial performance of our
education system at all levels. Such visibility is essential to meeting our goals for educational
attainment within the budgets we can afford.

Improving productivity is a daily focus of most American organizations in all sectors —

both for-profit and nonprofit — and especially so in tight economic times. Education has

not, however, incorporated many of the practices other sectors regularly use to improve
productivity and manage costs, nor has it leveraged technology to enable or enhance them.
We can learn much from the experience in other sectors.

What education can learn from the experience of business is that we need to make

the fundamental structural changes that technology enables if we are to see dramatic
improvements in productivity. As we do so, we should recognize that although the
fundamental purpose of our public education system is the same, the roles and processes
of schools, educators, and the system itself should change to reflect the times we live in and
our goals as a world leader. Such rethinking applies to learning, assessment, and teaching
processes, and to the infrastructure and operational and financial sides of running schools
and school systems.

Rethinking Basic Assumptions

One of the most basic assumptions in our education system is time-based or “seat-time”
measures of educational attainment. These measures were created in the late 1800s and
early 1900s to smooth transitions from K-12 into higher education by translating high school
work to college admissions offices (Shedd, 2003) and made their way into higher education
when institutions began moving away from standardized curricula.

Another basic assumption is the way we organize students into age-determined groups,
structure separate academic disciplines, organize learning into classes of roughly equal size
with all the students in a particular class receiving the same content at the same pace, and
keep these groups in place all year.

The last decade has seen the emergence of some radically redesigned schools,
demonstrating the range of possibilities for structuring education. These include schools
that organize around competence rather than seat time and others that enable more flexible
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scheduling that fits students’ individual needs rather than traditional academic periods and
lockstep curriculum pacing. In addition, schools are beginning to incorporate online learning,
which gives us the opportunity to extend the learning day, week, or year.

The United States has a long way to go if we are to see every student complete at least a
year of higher education or postsecondary career training. There is no way to achieve this
target unless we can dramatically reduce the number of students who leave high school
without getting a diploma and/or who are unprepared for postsecondary education.

A complex set of personal and academic factors underlie students’ decision to leave

school or to disengage from learning, but support should start as early as possible, before
children enter school, and should become intensified for those students who need it as they
move through school. Practices supported with technology can help address the problem,
including learning dashboards that keep students on track with their course requirements
and earning credits for courses taken online.

Redesigning education in America for improved productivity is a complex challenge that will
require all 50 states, the thousands of districts and schools across the country, the federal
government, and other education stakeholders in the public and private sector coming
together to design and implement innovative solutions. It is a challenge for educators —
leaders, teachers, and policymakers committed to learning — as well as technologists, and
ideally they will come together to lead the effort.

A Rigorous and Inclusive Process

The NETP, led by the Department of Education’s Office of Educational Technology, was
developed using a rigorous and inclusive process built on the report of a technical working
group of leading education researchers and practitioners.

In keeping with the White House’s Open Government Directive, the Department invited
extensive public participation in the development of the NETP. Broad outreach efforts and
state-of-the-art communications and collaboration technology enabled tens of thousands of
individuals to learn about and contribute to the development of the NETP over its 9-month
development period.

The Time To Act Is Now

The NETP accepts that we do not have the luxury of time — we must act now and commit
to fine-tuning and midcourse corrections as we go. Success will require leadership,
collaboration, and investment at all levels of our education system — states, districts,
schools, and the federal government — as well as partnerships with higher education
institutions, private enterprises, and not-for-profit entities.

In the United States, education is primarily a state and local responsibility. State and local
public education institutions must ensure equitable access to learning experiences for all
students and especially students in underserved populations — low-income and minority
students, students with disabilities, English language learners, preschool-aged children,
and others. States and districts need to build capacity for transformation. The Department
of Education has a role in identifying effective strategies and implementation practices;
encouraging, promoting, and actively supporting innovation in states and districts; and
nurturing collaborations that help states and districts leverage resources so the best ideas
can be scaled up.
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Postsecondary education institutions — community colleges and 4-year colleges and
universities — will need to partner more closely with K-12 schools to remove barriers to
postsecondary education and put plans of their own in place to decrease dropout rates.
Clearly, postsecondary institutions would be key players in the national R&D efforts
recommended in this plan.

Education has long relied on the contributions of organizations in both the private and not-
for-profit sectors, and this will not change.

As we enter the second decade of the 21st century, there has never been a more pressing
need to transform American education and there will never be a better time to act. The NETP
is a 5-year action plan that responds to an urgent national priority and a growing understanding
of what the United States needs to do to remain competitive in a global economy.

Goals and Recommendations

The NETP presents five goals with recommendations for states, districts, the federal
government, and other stakeholders in our education system that address learning,
assessment, teaching, infrastructure, and productivity. The plan also identifies far-reaching
grand challenge problems that should be funded and coordinated at a national level.

1.0 Learning

All learners will have engaging and empowering learning experiences both in and outside of
school that prepare them to be active, creative, knowledgeable, and ethical participants in
our globally networked society.

To meet this goal, we recommend the following actions:

1.1 Revise, create, and adopt standards and learning objectives for all content areas that
reflect 21st century expertise and the power of technology to improve learning.

1.2 Develop and adopt learning resources that use technology to embody design principles
from the learning sciences.

1.3 Develop and adopt learning resources that exploit the flexibility and power of technology
to reach all learners anytime and anywhere.

1.4 Use advances in the learning sciences and technology to enhance STEM (science,
technology, engineering, and mathematics) learning and develop, adopt, and evaluate new
methodologies with the potential to enable all learners to excel in STEM.

2.0 Assessment

Our education system at all levels will leverage the power of technology to measure what
matters and use assessment data for continuous improvement.

To meet this goal, we recommend the following actions:

2.1 Design, develop, and adopt assessments that give students, educators, and other
stakeholders timely and actionable feedback about student learning to improve achievement
and instructional practices.

2.2 Build the capacity of educators and educational institutions to use technology to improve
assessment materials and processes for both formative and summative uses.
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2.3 Conduct research and development that explore how gaming technology, simulations,
collaboration environments, and virtual worlds can be used in assessments to engage and
motivate learners and to assess complex skills and performances embedded in standards.

2.4 Revise practices, policies, and regulations to ensure privacy and information protection
while enabling a model of assessment that includes ongoing student learning data gathering
and sharing for continuous improvement.

3.0 Teaching

Professional educators will be supported individually and in teams by technology that
connects them to data, content, resources, expertise, and learning experiences that enable
and inspire more effective teaching for all learners.

To meet this goal, we recommend the following actions:

3.1 Design, develop, and adopt technology-based content, resources, and online learning
communities that create opportunities for educators to collaborate for more effective
teaching, inspire and attract new people into the profession, and encourage our best
educators to continue teaching.

3.2 Provide pre-service and in-service educators with preparation and professional learning
experiences powered by technology that close the gap between students’ and educators’
fluencies with technology and promote and enable technology use in ways that improve
learning, assessment, and instructional practices.

3.3 Transform the preparation and professional learning of educators and education leaders
by leveraging technology to create career-long personal learning networks within and across
schools, pre-service preparation and in-service educational institutions, and sprofessional
organizations.

3.4 Use technology to provide access to the most effective teaching and learning resources,
especially where they are not otherwise available, and to provide more options for all
learners at all levels.

3.5 Develop a teaching force skilled in online instruction.

4.0 Infrastructure

All students and educators will have access to a comprehensive infrastructure for learning
when and where they need it.

To meet this goal, we recommend the following actions:

4.1 Ensure that students and educators have adequate broadband access to the Internet
and adequate wireless connectivity both inside and outside school.

4.2 Ensure that every student and educator has at least one Internet access device and
software and resources for research, communication, multimedia content creation, and
collaboration for use in and out of school.

4.3 Leverage open educational resources to promote innovative and creative opportunities
for all learners and accelerate the development and adoption of new open technology-based
learning tools and courses.

4.4 Build state and local education agency capacity for evolving an infrastructure for learning.

4.5 Support “meaningful use” of educational and information technology in states and
districts by establishing definitions, goals, and metrics.
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5.0 Productivity

Our education system at all levels will redesign processes and structures to take advantage
of the power of technology to improve learning outcomes while making more efficient use of
time, money, and staff.

To meet this goal, we recommend the following actions:

5.1 Develop and adopt a common definition of productivity in education and more relevant
and meaningful measures of learning outcomes and costs.

5.2 Improve policies and use technology to manage costs including those for procurement.

5.3 Fund the development and use of interoperability standards for content, student learning
data, and financial data to enable collecting, sharing, and analyzing data to improve
decision-making at all levels of our education system.

5.4 Rethink basic assumptions in our education system that inhibit leveraging technology
to improve learning, starting with our current practice of organizing student and educator
learning around seat time instead of the demonstration of competencies.

5.5 Design, implement, and evaluate technology-powered programs and interventions to
ensure that students progress through our K-16 education system and emerge prepared for
the workplace and citizenship.

A New Kind of R&D for Education

To design and implement more efficient and effective education system, this plan calls for an
organization with the mission of serving the public good through research and development
at the intersection of learning sciences, technology, and education (Pea & Lazowska, 2003).

The Higher Education Act (P.L. 110-315) passed in August 2008 authorizes establishment
of the National Center for Research in Advanced Information and Digital Technologies (also
called the Digital Promise). Housed in the Department of Education, the center is authorized
as a 501(c)3 that would bring together contributions from the public and private sectors to
support the R&D needed to transform learning in America. The Digital Promise’s intent of
involving private sector technology companies in precompetitive R&D with the center can be
realized only if the federal government provides the funding that would demonstrate its own
commitment to a major program of R&D addressing the complex problems associated with
redesigning our education system.

The Defense Advanced Research Projects Agency (DARPA) offers an example of how
such a research agency can promote work that builds basic understanding and addresses
practical problems. DARPA sponsors high-risk/high-gain research on behalf of Department
of Defense agencies, but it is independently managed and staffed by individuals from both
industry and academia who are experts in the relevant research areas. DARPA program
officers are given considerable discretion, both in defining the research agenda and making
decisions about the funding and structuring of research (Cooke-Deegan, 2007).
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In a similar manner, the National Center for Research in Advanced Information and Digital
Technologies should identify key emerging trends and priorities and recruit and bring together the
best minds and organizations to collaborate on high-risk/high-gain R&D projects. It should aim
for radical, orders-of-magnitude improvements by envisioning the impact of innovations and then
working backward to identify the fundamental breakthroughs required to make them possible.

Grand Challenge Problems

This plan also urges the national research center to focus on grand challenge problems in
education research and development. “Grand challenge problems” are important problems that
require bringing together a community of scientists and researchers to work toward their solution.

The following grand challenge problems illustrate the kinds of ambitious R&D efforts that
should be coordinated at a national level. Notably, although each of these problems is

a grand challenge in its own right, they all combine to form the ultimate grand challenge
problem in education: establishing an integrated end-to-end real-time system for managing
learning outcomes and costs across our entire education system at all levels.

1.0: Design and validate an integrated system that provides real-time access to learning
experiences tuned to the levels of difficulty and assistance that optimizes learning for all
learners and that incorporates self-improving features that enable it to become increasingly
effective through interaction with learners.

2.0: Design and validate an integrated system for designing and implementing valid,
reliable, and cost-effective assessments of complex aspects of 21st century expertise and
competencies across academic disciplines.

3.0: Design and validate an integrated approach for capturing, aggregating, mining, and
sharing content, student learning, and financial data cost-effectively for multiple purposes
across many learning platforms and data systems in near real time.

4.0: Identify and validate design principles for efficient and effective online learning systems
and combined online and offline learning systems that produce content expertise and
competencies equal to or better than those produced by the best conventional instruction in
half the time at half the cost.

Transforming American Education: Learning Powered by Technology - Executive Summary
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Introduction

“By 2020, America will once again have the highest proportion of college graduates

in the world.”

—President Barack Obama,
Address to Congress, February 24, 2009

Education is the key to America’s economic growth and prosperity and to our ability to
compete in the global economy. It is the path to good jobs and higher earning power for
Americans. It is necessary for our democracy to work.

With this in mind, America needs a public education system that provides all students with
engaging and empowering learning experiences to help them set goals, stay in school
despite obstacles, earn a high school diploma, and obtain the further education and training
needed for success in their personal lives, the workplace, and their communities.

We want to develop inquisitive, creative, resourceful thinkers; informed citizens; effective
problem-solvers; groundbreaking pioneers; and visionary leaders. We want to foster the
excellence that flows from the ability to use today’s information, tools, and technologies
effectively and a commitment to life-long learning. All these are necessary for Americans
to be active, creative, knowledgeable, and ethical participants in our globally networked
society.

To accomplish this, schools must be more than information factories; they must be
incubators of exploration and invention. Educators must be more than information experts;
they must be collaborators in learning, seeking new knowledge and constantly acquiring
new skills alongside their students. Students must be fully engaged in school — intellectually,
socially, and emotionally. This level of engagement requires the chance to work on
interesting and relevant projects, the use of technology environments and resources, and
access to an extended social network of adults and peers who are supportive and safe.

Education reform has been on the national agenda for decades. Still, we no longer have the
highest proportion of college graduates in the world and we have a system that too often
fails our students. According to current data,

» Twenty-four percent of young people in the United States drop out of high school
(OECD, 2007). That number jumps to almost 50% of Latino and African American
students (Orfield, Losen, Wald, & Swanson, 2004).
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» Some 5,000 schools persistently fail year after year, and about 2,000 high schools
produce about half the nation’s dropouts and three-quarters of minority dropouts
(Balfanz & Letgers, 2004; Tucci, 2009).

» Of students who do graduate from high school, one third are unprepared for
postsecondary education, forcing community colleges and four-year colleges and
universities to devote precious time and resources to remedial work for incoming
students (National Center for Education Statistics, 2003).

* By 2016 — just six years from now — 4 out of every 10 new jobs will require some
advanced education or training (Dohm & Shnipe, 2007). Fifteen of the thirty fastest
growing fields will require a minimum of a bachelor’s degree (Bureau of Labor
Statistics, 2008).

Today, just 39% of young people earn a two-year or four-year college degree (National
Center for Public Policy and Higher Education, 2008). Enroliment rates are unequal:
69% of qualified White high school graduates enter four-year colleges compared with
just 58% of comparable Latino graduates and 56% of African American graduates
(National Center for Education Statistics, 2007).

As Secretary of Education Arne Duncan has said, the current state of our education system
is “economically unsustainable and morally unacceptable.”

Transforming American Education: An Urgent Priority

Under the Obama administration, education has become an urgent priority driven by two
clear goals set by the President:

» By 2020, we will raise the proportion of college graduates from where it now stands
(39%) so that 60% of our population holds a two-year or four-year degree (National
Center for Public Policy and Higher Education, 2008).

» We will close the achievement gap so that all students — regardless of race, income, or
neighborhood — graduate from high school ready to succeed in college and careers.

To accomplish these goals, we must embrace a strategy of innovation, prompt
implementation, regular evaluation, and continuous improvement. The programs and
projects that work must be brought to scale so that every school has the opportunity to take
advantage of that success. Our regulations, policies, actions, and investments must be
strategic and coherent.

To this end, Secretary Duncan has identified four major areas where our investments and
efforts can have the greatest impact:

» States should adopt standards and assessments that prepare students to succeed in
college and the workplace and compete in the global economy.

» States should build data systems that measure student growth and success and inform
educators about how they can improve instruction.
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« States should recruit, reward, and retain effective educators, especially in underserved
areas where they are needed most.

« States should turn around their lowest achieving schools.

In November 2009, President Obama launched the Educate to Innovate campaign to
improve the participation and performance of U.S. students in science, technology,
engineering and mathematics (STEM). The campaign brings together the federal
government, leading companies, foundations, not-for-profits, and science and engineering
societies to work with young people across the country to achieve the following goals:

 Increase STEM literacy so that all students can learn deeply and think critically in
STEM subject areas

* Move American students from the middle of the pack internationally to the top in the
next decade

» Expand STEM education and career opportunities for underrepresented groups,
including girls and women.

Technology is critical to addressing each of these needs.

We are guided in these and other education initiatives by Secretary Duncan’s conviction
that we need revolutionary transformation, not evolutionary tinkering, and we know that
transformation cannot be achieved through outdated reform strategies that take decades to
unfold.

We must be clear about the outcomes we seek. We must redesign processes, put them in
place, and constantly evaluate them for effectiveness, efficiency, and flexibility. We must
monitor and measure our performance to improve learning outcomes while managing costs.
We must hold ourselves accountable.

We also must apply the advanced technology available in our daily lives to student learning
and to our entire education system in innovative ways that improve designs, accelerate
adoption, and measure outcomes.

Above all, we must accept that we do not have the luxury of time. We must act now and

commit to fine-tuning and midcourse corrections as we go. We must learn from other kinds
of enterprises that have used technology to improve outcomes and increase productivity.
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Drivers of Change

The Department of Education’s decisions and actions — and those of the entire education
system and its stakeholders throughout the United States — must be guided by the world
we live in, which demands that we think differently about education. Technology and the
Internet have fostered an increasingly competitive and interdependent global economy and
transformed nearly every aspect of our daily lives — how we work; play; interact with family,
friends, and communities; and learn new things.

The context of global interdependence is especially important for this generation of
students because many of today’s challenges will be solved only by individuals and nations
working together. The leadership of the United States in the world depends on educating

a generation of young people who are capable of navigating an interdependent world and
collaborating across borders and cultures to address today’s great problems.

Another important context is the growing disparity between students’ experiences in and

out of school. Students use computers, mobile devices, and the Internet to create their own
engaging learning experiences outside school and after school hours — experiences that too
often are radically different from what they are exposed to in school. Our leadership in the
world depends on educating a generation of young people who know how to use technology
to learn both formally and informally.

Technology itself is an important driver of change. Contemporary technology offers
unprecedented performance, adaptability, and cost effectiveness.

Technology can enable transforming education but only if we commit to the change that it will
bring to our education system. For example, students come to school with mobile devices
that let them carry the Internet in their pockets and search the web for the answers to test
questions. Is this cheating, or with such ubiquitous access to information is it time to change
what and how we teach? Similarly, do we ignore the informal learning enabled by technology
outside school, or do we create equally engaging and relevant experiences inside school
and blend the two?

We know from our rankings in the world in terms of academic achievement and graduation
rates that what we have been doing to fill our education pipeline and ensure that students
graduate is not working. Getting students to stay in school is crucial, and equipping them
with the skills they need to learn to be successful throughout their lives is equally important.

The essential question facing us as we transform the U.S. education system is this:
What should learning in the 21st century look like?

Transforming American Education: Learning Powered by Technology



Learning Powered by Technology

Building on the report of a technical working group of leading researchers and practitioners
and on input received from many respected education leaders and the public, this National
Education Technology Plan tackles this and other important questions. The plan presents
goals, recommendations, and actions for a model of 21st century learning informed by the
learning sciences and powered by technology. Advances in the learning sciences give us
valuable insights into how people learn. Technology innovations give us the ability to act on
these insights as never before.

Our plan is based on the following assumptions:

* Much of the failure of our education system stems from a failure to engage students.

* What students need to learn and what we know about how they learn have changed
and therefore the learning experiences we provide should change.

* How we assess learning focuses too much on what has been learned after the fact and
not enough on improving learning in the moment.

» We miss a huge opportunity to improve our entire education system when we gather
student-learning data in silos and fail to integrate it and make it broadly available to
decision-makers at all levels of our education system — individual educators, schools,
districts, states, and the federal government.

 Learning depends on effective teaching, and we need to expand our view of teaching
to include extended teams of educators with different roles who collaborate across time
and distance and use technology resources and tools that can augment human talent.

» Making engaging learning experiences and resources available to all learners
anytime and anywhere will require state-of-the-art technology and specialized people,
processes, and tools.

» Education can learn much from industry about leveraging technology to continuously
improve learning outcomes while increasing the productivity of our education system at
all levels.

» Just as in health, energy, and defense, the federal government has an important
role to play in funding and coordinating some of the more far-reaching research and
development challenges associated with leveraging technology in education.

Just as technology is at the core of virtually every aspect of our daily lives and work, it is
central to implementing the model of 21st century learning in this plan.

The model depends on technology to provide engaging and powerful learning content,
resources, and experiences and assessment systems that measure student achievement in
more complete, authentic and meaningful ways. Technology-based learning and assessment
systems will be pivotal in improving student learning and generating data that can be used to
continuously improve the education system at all levels. The model depends on technology
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to execute collaborative teaching strategies combined with professional learning strategies
that better prepare and enhance educators’ competencies and expertise over the course of
their careers.

The model also depends on every student and educator having Internet access devices
and broadband Internet connections and every student and educator being comfortable
using them. It depends on technology to redesign and implement processes to produce
better outcomes while achieving ever-higher levels of productivity and efficiency across the
education system.

Collaboration and Investment for Success

Transforming U.S. education is no small task, and accomplishing it will take leadership at all
levels of our education system — states, districts, schools, and the federal government — as

well as partnerships with higher education institutions, private enterprises, and not-for-profit
entities.

In the United States education is primarily a state and local responsibility. State and local
public education institutions must ensure equitable access to learning experiences for all
students and especially students in underserved populations — low-income and minority
students, students with disabilities, English language learners, preschool-aged children,
and others. States and districts need to build capacity for transformation. The Department
of Education has a role in identifying effective strategies and implementation practices;
encouraging, promoting, and actively supporting innovation in states and districts; and
nurturing collaborations that help states and districts leverage resources so the best ideas
can be scaled up.

Building capacity for transformation also will require investment. But we must resolve to
spend investment dollars more wisely, with clear expectations about what we expect in terms
of learning outcomes and process improvements.

Achievement of the vision set forth in this plan will rely on the broadband initiatives of

the American Recovery and Reinvestment Act of 2009, which are intended to accelerate
deployment of Internet services in unserved, underserved, and rural areas and to strategic
institutions that are likely to create jobs or provide significant public benefits. These are the
Broadband Technology Opportunities Program (BTOP) of the Department of Commerce’s
National Telecommunications and Information Administration (NTIA), the Rural Development
Broadband Program (BOTP) of the Department of Agriculture’s USDA Rural Utility Services
(RUS), and a cross-agency National Broadband Plan that is being developed by the Federal
Communications Commission (FCC).

This plan also draws guidance and inspiration from the report of the National Science

Foundation (NSF) Task Force on Cyberlearning, “Fostering Learning in the Networked
World: The Cyberlearning Challenge and Opportunity,” published in June 2008.
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This plan will be best served if postsecondary education institutions — community colleges,
and four-year colleges and universities — partner with K-12 schools to remove barriers to
postsecondary education and put plans of their own in place to decrease dropout rates.

In addition, postsecondary institutions would be key players in the national R&D efforts
recommended in this plan.

Education has long relied on the contributions of organizations in both the private and not-
for-profit sectors, and this will not change.

As we enter the second decade of the 21st century, there has never been a more pressing
need to transform American education and there will never be a better time to act. In keeping
with the appropriate role of the federal government, this National Education Technology Plan
is not a prescription but rather a common definition and a five-year action plan that responds
to an urgent national priority and a growing understanding of what the United States needs
to do to remain competitive in a global economy.
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Learning:
A Model for the 21st Century

Goal: All learners will have engaging and empowering learning experiences both in and
outside of school that prepare them to be active, creative, knowledgeable, and ethical
participants in our globally networked society.

Our education system today supports learning mostly in classrooms and from textbooks
and depends on the relationship between individual educators and their students. The role
technology plays in the nation’s classrooms varies dramatically depending on the funding
priorities of states, districts, and schools and individual educators’ understanding of how to
leverage it in learning in meaningful ways.

Meanwhile, many students’ lives outside school are filled with technology that gives them
mobile access to information and resources 24/7, enables them to create multimedia content
and share it with the world, and allows them to participate in online social networks and
communities where people from all over the world share ideas, collaborate, and learn new
things. According to a national survey by the Kaiser Family Foundation, 8- to 18-year-olds
today devote an average of 7 hours, 38 minutes to using entertainment media in a typical
day — more than 53 hours a week (Kaiser Family Foundation, 2009). The opportunities,
access, and information are limitless, borderless, and instantaneous.

Technology brings similar opportunities to professionals in many fields. Physicians

use mobile Internet access devices to download X-rays and test results or to access
specialized applications such as medicine dosage calculators. Earthquake geologists

install underground sensors along fault lines, monitor them remotely, and tie them into early
warning systems that signal the approach of seismic waves. Filmmakers use everyday
computers and affordable software for every phase of the flmmaking process — from editing
and special effects to music and sound mixing. Technology dominates the workplaces of
most professionals and managers in business, where working in distributed teams that need
to communicate and collaborate is the norm.

The challenge for our education system is to leverage technology to create relevant learning
experiences that mirror students’ daily lives and the reality of their futures. We live in a highly
mobile, globally connected society in which young Americans will have more jobs and more
careers in their lifetimes than their parents. Learning can no longer be confined to the years
we spend in school or the hours we spend in the classroom: It must be life-long, life-wide,
and available on demand (Bransford et al., 2006).
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To prepare students to learn throughout their lives and in settings far beyond classrooms, we
must change what and how we teach to match what people need to know, how they learn,
and where and when they learn and change our perception of who needs to learn. We must
bring 21st century technology into learning in meaningful ways to engage, motivate, and
inspire learners of all ages to achieve.

The challenging and rapidly changing demands of our global economy tell us what people
need to know and who needs to learn. Advances in learning sciences show us how people
learn. Technology makes it possible for us to act on this knowledge and understanding.

What 21st Century Learning Should Look Like

Figure 1 depicts a model of 21st century learning powered by technology. In contrast to
traditional classroom instruction, which often consists of a single educator transmitting the
same information to all learners in the same way, the model puts students at the center
and empowers them to take control of their own learning by providing flexibility on several
dimensions. A core set of standards-based concepts and competencies form the basis of
what all students should learn, but beyond that students and educators have options for
engaging in learning: large groups, small groups, and work tailored to individual goals,
needs, and interests.
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Figure 1. A Model of Learning

Learning no longer has to be one size fits all

All students should have common core discipline-specific learning experiences
in preparation for college and careers. In addition, networked technologies
offer vast opportunities for group and individual learning experiences that are

driven by students' interests.

NATIONAL EDUCATIONAL TECHNOLOGY PLAN

This image is licensed under a Creative Commons Attribution-Noncommercial-Share Alike 3.0 United States License.
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Individualized, Personalized, and
Differentiated Instruction

Words like individualization, differentiation, and
personalization have become buzzwords in
education, but little agreement exists on what
exactly they mean beyond the broad concept that
each is an alternative to the one-size-fits-all model
of teaching and learning. For example, some
education professionals use personalization to
mean that students are given the choice of what
and how they learn according to their interests,
and others use it to suggest that instruction is
paced differently for different students. Throughout
this plan, we use the following definitions:

Individualization refers to instruction that is
paced to the learning needs of different learners.
Learning goals are the same for all students,

but students can progress through the material
at different speeds according to their learning
needs. For example, students might take longer
to progress through a given topic, skip topics that
cover information they already know, or repeat
topics they need more help on.

Differentiation refers to instruction that is tailored
to the learning preferences of different learners.
Learning goals are the same for all students,

but the method or approach of instruction varies
according to the preferences of each student or
what research has found works best for students
like them.

Personalization refers to instruction that is
paced to learning needs, tailored to learning
preferences, and tailored to the specific interests
of different learners. In an environment that is fully
personalized, the learning objectives and content
as well as the method and pace may all vary (so
personalization encompasses differentiation and
individualization).

In this model, technology supports learning by providing engaging
environments and tools for understanding and remembering
content. For example, game-based courses use features familiar to
game players to teach core subject content such as history.

Technology provides access to a much wider and more flexible
set of learning resources than is available in classrooms and
connections to a wider and more flexible set of “educators,”
including teachers, parents, experts, and mentors outside the
classroom. Engaging and effective learning experiences can

be individualized or differentiated for particular learners (either
paced or tailored to fit their learning needs) or personalized, which
combines paced and tailored learning with flexibility in content
or theme to fit the interests and prior experience of each learner.
(See sidebar for definitions of individualized, differentiated, and
personalized learning.)

An example of individualized and differentiated learning can be
found in New York City’s School of One pilot, a 2009 summer
program that allowed students learning mathematics to learn at
their own pace and in a variety of ways. On the basis of its initial
success, the School of One concept will be expanded throughout
2010 and 2011.

Personalized learning supports student learning in areas of
particular interest to them. For example, a student who learns
Russian to read the works of Dostoevsky in their original form and
another who orders a surgical kit on eBay to practice sutures on
oranges are learning things we would never ask all students to do.
But these things are important because they are driven by learners’
own passions.

Within specific content areas, although standards exist for what

we expect all students to know and be able to do, the model also
provides options for how the learning can take place. Among these
options is working with others in project-based learning built around
challenges with real-world relevance. Well-designed projects help
students acquire knowledge in specific content areas and also
support the development of more specialized adaptive expertise
that can be applied in other areas (Trilling & Fadel, 2009).

Technology also gives students opportunities for taking ownership of their learning. Student-

managed electronic learning portfolios can be part of a persistent learning record and help

students develop the self-awareness required to set their own learning goals, express

their own views of their strengths, weaknesses, and achievements, and take responsibility

for them. Educators can use them to gauge students’ development, and they also can be

shared with peers, parents, and others who are part of students’ extended network.
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What People Need to Learn

Education is an enterprise that asks: What’s worth knowing and
being able to do?

Education experts have proposed answers to this question,

and although they differ in the details all recognize that what we
need to know goes beyond the traditional three Rs of Reading,
‘Riting, and 'Rithmetic. Whether the domain is English language
arts, mathematics, sciences, social studies, history, art, or
music, 21st century competencies and expertise such as critical
thinking, complex problem solving, collaboration, and multimedia
communication should be woven into all content areas.

Experts also agree that people no longer can learn everything there
is to know in a lifetime, and the economic reality is that most people
will change jobs throughout their lifetime. Therefore, we need
adaptive learning skills that blend content knowledge with the ability
to learn new things. This requires developing deep understanding
within specific domains and the ability to make connections that

cut across domains — learning activities that should replace the
broad but shallow exposure to many topics that is the norm in our
education system today. We also need to know how to use the
same technology in learning that professionals in various
disciplines do.

Professionals routinely use web resources and participatory
technology such as wikis, blogs, and user-generated content for
the research, collaboration, and communication demanded in their
jobs. For students, these tools create new learning activities that
allow them to grapple with real-world problems, develop search
strategies, evaluate the credibility and authority of websites and
authors, and create and communicate with multimedia (Jenkins,
2009; Leu, Kinzer, Coiro, & Cammack, 2004). For example:

* In the study of mathematics, professional-level interactive
graphing and statistical programs make complex topics more
accessible to all learners and help them connect to datasets
that are current and relevant to their lives.

« In earth sciences, collecting data with inquiry tools, adding
geotags with GPS tools, and interactively analyzing
visualizations of data patterns through web browsers bring
professional scientific methods and techniques to learners of all
ages and abilities.
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Individualizing and Differentiating Learning in
New York’s School of One

During summer 2009, the New York City school
system conducted a two-month pilot test of a
radically new education concept, the School of
One. Conducted at Middle School 131 in New
York’s Chinatown, the pilot program focused on a
single subject, mathematics, and a single grade
level (sixth grade). The New York City Department
of Education views it as demonstration of a
concept that is equally applicable in other subjects
and grades.

Instead of organizing the 80 participating students
into classes with one of the school’s four teachers
assigned to each class, the School of One used
flexible arrangements of students and teachers
and a large collection of alternative ways for
students to learn the 77 mathematics skills that
were the objectives for the program. The School
of One lesson bank included more than 1,000
lessons covering those 77 mathematics skills.
Rather than giving every student the same
content, the School of One used data from

prior assessments to identify which skills each
student should work on during the summer.
Inputs from teachers and from students provided
information about how each student learned best
(for example, “likes to learn through games” or
“likes to learn alone”). A computer algorithm used
information about each student’s demonstrated
mathematics skills and his or her learning
preferences to generate individual “playlists” of
appropriate learning activities.

The summer pilot included four teachers whose efforts
were focused on large-group instruction, four teacher-
residents (college students studying to be teachers)
who focused on small-group instruction and online
instructional support, and two high school students who
focused on tutoring and the grading of assessments.
The staff met at the end of each day to collectively
monitor student growth and prepare for the next day’s
instruction.

In this model, technology was used to develop a unique
leaming path for each student based on a database of
possible lessons, with supporting instruction on common
content that was both individualized and diifferentiated
for each student. The New York City Department of
Education expects the School of One program to
operate in three middle schools by the spring of 2010
and in 20 schools by 2012.

Source: Submitted to the NETP web-site, edtechfuture.org.
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Winona Middle School’s Cultural History
Project

In 1995, when the Internet was just arriving

in schools, students at Winona Middle School
began to use it to support and showcase a class
project about local history and the changing
demographics of their town. Students gathered
information about their community by visiting
local museums, searching texts, and interviewing
local residents. They built a website to share
their findings with one another and with their
community. The website began to take on a life
of its own, attracting the interest of community
leaders, professional historians, and individuals
living halfway around the world who found they
were distant relatives of the town’s earliest
immigrants. Students expanded the website to
include the contributions of the wider community
and built a searchable database of genealogical
information and other artifacts.

Today, the Winona Cultural History website
continues to be a valuable resource for the school
and its community, and students continue to
interact with others in or outside their local area

to evolve an ongoing knowledge base. One of the
secrets of this project’s success is that it leverages
very simple technology so that it can be sustained
with minimal funding and maintenance.

Source: Submitted to the NETP web-site, edtechfuture.org.

* In history, original documents available to historians as
digital resources from the Smithsonian and other institutions are
available to engage learners in historical thinking and reasoning.

As these examples illustrate, the world’s information and
sophisticated tools for using it, which are available anytime and
anywhere, demand that rather than being content experts we be
expert learners in at least three ways:

* As skillful and strategic learners who have learned how to
learn new things and communicate what we have learned

» As motivated and engaged learners who identify ourselves as
growing in competence and want to learn even more

» As networked learners, with the ability to tap expertise anytime
and anywhere that can advance our learning.

A crucial step in transforming American education to produce expert
learners is creating, revising, and adopting content standards and
learning objectives for all content areas that reflect 21st century
expertise and the power of technology to improve learning.

How People Need to Learn

Advances in the learning sciences, including cognitive science,
neuroscience, education, and social sciences, give us greater
understanding of three connected types of human learning — factual
knowledge, procedural knowledge, and motivational engagement.
Neuroscience tells us that these three different types of learning
are supported by three different brain systems. (See sidebar on
the Neuroscience of Learning.) Social sciences reveal that human
expertise integrates all three types of learning. Technology has
increased our ability to both study and enhance how people learn
(National Research Council, 2000, 2003, 2007, 2009; National
Science Foundation, 2008b) and can augment all three types of
learning.

Factual knowledge

Students are surrounded with information in a variety of forms,
and specific features of information design affect how and whether
students build usable knowledge from the information they
encounter. For example, computers can replicate and integrate a
wide variety of media for learning and education: text, video/film,
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animations, graphics, photos, diagrams, simulations, and more.
As a result, technology can be designed to provide much richer
learning experiences without sacrificing what traditional learning
media offer. Technology can

» Represent information through a much richer mix of
media types. This allows the integration of media and
representations to illustrate, explain, or explore complex ideas
and phenomena, such as interactive visualizations of data in
earth and environmental sciences, chemistry, or astronomy.
Technology can help learners explore phenomena at extreme
spatial or temporal scales through simulation and modeling
tools. This opens up many domains and ways of learning that
were formerly impossible or impractical.

« Facilitate knowledge connections through interactive tools.
These include interactive concept maps, data displays, and
timelines that provide visual connections between existing
knowledge and new ideas.

Procedural knowledge

Procedural knowledge learning includes both content-related
procedures (learning how to do science inquiry, for example) and
learning-related strategies (learning how to figure out how to solve
a new problem or self-monitor progress on a task). Technology can
expand and support a growing repertoire of strategies for individual
learners by

» Providing scaffolds to guide learners through the learning
process. Many programs use interactive prompts embedded
directly into the learning resources, live or virtual modeling
of helpful strategies, interactive queries that prompt effective
processing, and timely and informative feedback on results.
These scaffolds can be designed to respond to differences in
individual learning styles and be available on demand when
the learner needs help and then evolve or fade as the learner
builds stronger skills.

» Providing tools for communicating learning beyond written or
spoken language. This can be accomplished through web-
based multimedia, multimedia presentations, or gestural
expressions such as those that drive interactions in
gaming systems.
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The Neuroscience of Learning

Three broad types of learning — learning that,
learning how, and learning why — each correspond
to one of three main human brain divisions.

Learning that is associated with the posterior
brain regions (the parietal, occipital, and temporal
lobes within the cerebral cortex). These regions
primarily take information in from the senses,
transforming it into usable knowledge — the
patterns, facts, concepts, objects, principles, and
regularities of our world. The medial temporal
lobe, including the hippocampus, provides a
system of anatomically related structures essential
to conscious memory for facts and events, what
is called declarative knowledge (Squire, Stark, &
Clark, 2004).

Learning how is associated with the anterior
parts of the brain (the frontal lobe, from primary
motor cortex to prefrontal cortex), specialized
for learning how to do things, and is expressed
through performance (Squire, 2004). This has
also been called procedural knowledge, implicit
memory, and knowing-how. This type includes
learning “low level” motor skills but also higher
level skills and strategies known as executive
functions.

Learning why is associated with the interior or
central brain regions, including the extended
limbic system and amygdale. These evolutionarily
primitive brain regions are specialized for affective
and emotional learning (LeDoux, 2000). They
contribute to learning and remembering not what
an object is or how to use it but why it is important
to us. These structures underlie what attracts

our attention and interest, sustains our effort,
motivates our behavior, and guides our goal-
setting and priorities. With these regions, we learn
our values and priorities: our image as a person
and as a learner and the values and goals that
comprise it.
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Chesapeake Bay FieldScope: Analyzing
Authentic Scientific Phenomena

Chesapeake Bay FieldScope is a collaborative
high school science project that combines
traditional hands-on fieldwork with web-

based geospatial technology and other tools

to help students build a rich understanding

of the ecosystem around them. Students use
National Geographic FieldScope, a web-based
mapping, analysis, and collaboration tool, to
investigate water quality issues in and around the
Chesapeake Bay. In the classroom, students learn
about the bay using a multimedia database of
scientific information. In the field, students gather
their own scientific observations (such as water
quality samples, written notes, or digital photos of
wildlife) and then upload them to the FieldScope
database. All database information is organized as
points on a map, providing an intuitive geospacial
format to scaffold student learning.

Source: Submitted to the NETP web-site, edtechfuture.org.

» Fostering online communities. Technology can provide
platforms for connecting learners in online communities where
they can support each other as they explore and develop
deeper understanding of new ideas, share resources, work
together beyond the walls of a school or home, and gain
access to a much wider pool of expertise, guidance, and
support (Ito, 2009).

Motivational engagement

The field of affective neuroscience has drawn attention to the critical
importance of motivation in how the brain learns. We learn and
remember what attracts our interest and attention, and what attracts
interest and attention can vary for different learners. Therefore,

the most effective learning experiences are not only individualized
in terms of pacing and differentiated to fit the learning needs of
particular learners, but also personalized in the sense that they are
flexible in content or theme to fit the interests of particular learners.
To stimulate motivational engagement, technology can

» Engage interest and attention. Digital learning resources
enable engaging individual learners’ personal interests by
connecting web learning resources to learning standards,
providing options for adjusting the challenge level of learning
tasks to avoid boredom or frustration, and bridging informal
and formal learning in and outside school (Brown & Adler,
2008; Collins & Halverson, 2009; National Science Foundation,
2008b). Technology can also be used to create learning
resources that provide immediate feedback modeled on games
to help engage and motivate learners (Gee, 2004).

+ Sustain effort and academic motivation. Technology-based learning resources can give
learners choices that keep them engaged in learning, for example, personally relevant

content, a customized interface, options for difficulty level or alternative learning

pathways, or choices for support and guidance.

» Develop a positive image as a life-long learner. Technology can inspire imagination

and intellectual curiosity that help people engage actively as learners and open new

channels for success or visions of career possibilities. For example, when students

use the tools of professionals to engage in real-world problems, they can begin to see

themselves in productive professional roles (‘I am a graphic artist,” “| am a scientist,”

“I am a teacher”). Technology also provides opportunities for students to express

themselves by engaging in online communities and sharing content they have created

with the world.
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Where and When People Learn

When the material that knowledge learners require cannot be covered in school or when
they are not in school, learners need on-demand opportunities for learning anytime and
anywhere. On-demand learning is essential to life-long and life-wide learning (Figure 2), and
technology produces a vital bridge, enabling productive use of learning resources across
formal and informal learning settings (Barron, 2006).

Figure 2. Life-long and life-wide learning

Life-long and Life-wide Learning

18.5%

16 waking hours

0-5K Gr 1-12 UG  Grad Work Retirement

M formal learning environments
"l informal learning environments

[(cO AT This image by the LIFE Center is licensed under a Creative Commons Attribution-Noncommercial-Share Alike 3.0 United States License.

On-demand learning is facilitated by the vast information and learning resources on the web
that are available in an always-on connection to the Internet. This is powerful for individual
learners but even more so when accessed by groups of learners and learning communities
— from small groups with different roles and responsibilities in pursuit of a learning project to
far larger communities that may be pursuing ambitious design and learning products, such
as developing an entry for Wikipedia or planning the reinvigoration of the environment of
their city.

Collaborative environments are enhanced by social and participatory approaches such as
wikis, in which learners and teachers regardless of their location — in a classroom or halfway
around the world — or the time of day can build knowledge structures or tackle inquiry
problems that are posed together. Social media content created by teachers and learners,
from blogs to podcasts to YouTube videos or creations and performances in virtual worlds
(Jenkins, 2009; Johnson, Levine, & Smith, 2009; OECD, 2008, 2009) enrich on-demand learning.
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Specific examples of on-demand learning include the following:

* Inquiry and adventure environments with games and activities that foster learning.

Online “collaboratories” (National Science Foundation, 2008a) in which scientists
establish protocols for collecting data with sensors from local environments across the
planet. Learners and teachers learn science by doing science as they capture, upload,
and then visualize and analyze geospatial and temporal data patterns from the data
contributed by the globally networked community.

» Earth- and sky-mapping web resources with data from the sciences and other fields
of scholarly inquiry that anyone can use to develop virtual travel tours to be applied in
learning and teaching activities.

Augmented reality platforms and games that bring locally relevant learning resources
into view for users of mobile devices with a GPS (Johnson, Levine, Smith, & Stone,
2010).

» Use of the power of collective intelligence and crowdsourcing to tackle complex
interdisciplinary problems.

» Powerful learning applications for mobile Internet access devices such as musical
instrument simulators, language learning tools, and mathematical games.

» Sites and communities that publish academic content, including user-generated
content. One notable example is the videotaped lectures of MIT physics professor
Walter Lewin, available on MIT’s OpenCourseWare site as well as through commercial
courseware and video sharing sites. Lewin’s engaging and entertaining lectures have
earned him a following of millions worldwide.

Who Needs to Learn

The United States cannot prosper economically, culturally, or politically if major parts of our
citizenry lack a strong educational foundation, yet far too many students are not served by
our current one-size-fits all education system. The learning sciences and technology can
help us design and provide more effective learning experiences for all learners.

Universal Design for Learning

Making learning experiences accessible to all learners requires universal design, a concept
well established in the field of architecture, where all modern public buildings, including
schools, are designed to be accessible by everyone. Principles and guidelines have been
established for universal design in education based on decades of research and are known
as Universal Design for Learning (UDL). The UDL principles reflect the way students take in
and process information (Rose & Meyer, 2002). Using them to develop goals, instructional
methods, classroom materials, and assessments, educators can improve outcomes for
diverse learners by providing fair opportunities for learning by improving access to content.
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The UDL principles are as follows:

» Provide multiple and flexible methods of presentation of information and knowledge.
Examples include digital books, specialized software and websites, text-to-speech
applications, and screen readers.

» Provide multiple and flexible means of expression with alternatives for students to
demonstrate what they have learned. Examples include online concept mapping and
speech-to-text programs.

» Provide multiple and flexible means of engagement to tap in to diverse learners’
interests, challenge them appropriately, and motivate them to learn. Examples include
choices among different scenarios or content for learning the same competency and
opportunities for increased collaboration or scaffolding.

The definition of UDL that appears in the Higher Education Opportunity Act of 2008 (103
U.S.C. § 42) has come to dominate the field because of its broad applicability and its
research foundation in the learning sciences, both cognitive and neurosciences.

Serving the underserved

The goal of UDL is to reach all learners, but some groups are especially underserved. In the
past two decades, the disparities in access to and the use of technology have been closely
associated with socioeconomic status, ethnicity, geographical location, and gender; primary
language; disability; educational level; and generational characteristics (Pew Internet &
American Life Project, 2007). The FCC now refers to “digital exclusion” as what must be
overcome, because job applications, health information, and many other crucial information
resources appear only in the digital realm (http://www.fcc.gov/recovery/broadband/). As we
use technology to reach all learners, the following groups need special attention:

» Low-income and minority learners. Despite significant gains, learners from low-income
communities and underserved minority groups still are less likely to have computers
and Internet access and have fewer people in their social circles with the skills to
support technology-based learning at home (Warschauer & Matuchniak, in press).
Some of the solutions to the access problem are capitalizing on existing programs
in the public sphere — extended hours for use of networked computers in schools,
libraries, community centers, and so on.

» English language learners. English is the predominant language of instruction in most
U.S. classrooms and in the vast majority of web resources. The challenges of learning
the content and skills necessary to function as a 21st century citizen are heightened
if English is not a person’s first language. Recent advances in language translation
technology provide powerful tools for reducing language barriers. With proper design,
technology can easily represent information so that there are multiple alternatives for
English, multiple options for unfamiliar vocabulary or syntax, and even alternatives to
language itself (use of image, video, and audio).
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Universal Design for Textbooks:
NIMAS — National Instructional Materials
Accessibility Standard

Traditional textbooks, like any standardized learning
technology, are much more accessible to some
learners than others. For students who are blind,
who have physical disabilities, or who have reading
disabilities, textbooks impose barriers rather

than opportunities for learning. In the past, each
classroom teacher or school had to generate some
kind of work-around to overcome these barriers

— contracting for a Braille version of the book,
engaging an aide to help with the physical demands
of textbooks, recording or purchasing an audio
version for students with dyslexia, and so forth. The
costs - in time, resources, learning opportunities — of
retrofitting in these ways are high. Most important,
the costs of such one-off accommodations are
repeated in every classroom and district throughout
the country — a staggering waste of money and time.

In 2006 a very new and more universally designed
approach was mandated by the U.S. Congress.

In that year, regulations for NIMAS — the National
Instructional Materials Accessibility Standard — went
into effect. That standard stipulates that all U.S.
textbooks be available as a “digital source file”

(a fully marked up XML source file based on the
Daisy international standard). The power of that
digital source file is in its flexibility: It can be easily
transformed into many different student-ready
versions, including a Braille book, a digital talking
book, a large-text version, and so forth. The same
content can be generated once by a publisher but
can be displayed in many different ways to match the
different needs of diverse students.

The dramatic effect of the NIMAS legislation is not
really in the technology itself, but in the change in
how we think about diversity that the technology
promotes. The conceptual shift is evident in that
Congress calls for schools to provide alternative
versions for all students who have “print disabilities.”
In that remarkable wording shift, “learning disabilities”
to “print disabilities,” lies a profound alteration in the
response to diversity and disability. By recognizing
that many learning problems are resident not just in
the child but in the medium of instruction, the NIMAS
legislation also recognizes that the limits of print are
too costly for American education. Printed textbooks

cannot adequately meet the challenge of diversity, and

we will need to shift our educational practices to new
technologies that — through more universal designs —
are equitable and effective for all of our leamers.
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» Learners with disabilities. In public schools, many learners
are identified as having special needs. These students need
accommodations to have the opportunity to achieve at the
same levels as their peers. In addition to UDL for learners
with significant physical and sensory disabilities, powerful new
assistive technologies are increasingly becoming available
to improve access to learning opportunities. These include
electronic mobility switches and alternative keyboards for
students with physical disabil ities; computer-screen enlargers
and text-to-speech and screen readers for individuals with
visual disabilities; electronic sign-language dictionaries and
signing avatars for learners with hearing disabilities; and
calculators and spellcheckers for individuals with learning
disabilities. Many of these devices are difficult or impossible
to use with traditional learning materials such as printed
textbooks. The advantage of digital resources, especially
those that are universally designed, is that they can easily
be made accessible through assistive technologies. (See the
sidebar on NIMAS).

» Pre-K. For underserved children, learning gaps in literacy
begin in early childhood and become increasingly difficult to
overcome as their education progresses. Early intervention
is crucial if these children are to keep pace with their peers,
especially to augment the linguistic, visual, and symbolic
worlds that learners experience and seek to emulate. Ready
to Learn is an example of technology-based resources that
target school readiness skills (Penuel et al., 2009).

Adult workforce. Many adults in the workforce are
underproductive, have no postsecondary credential, and
face limited opportunities because they lack fluency in basic
skills. Unfortunately, they have little time or opportunity for
the sustained learning and development that becoming fluent
would require. For these learners, technology expands the
opportunities for where and when they can learn. Working
adults can take online courses at anytime and anywhere.
While individual adults benefit with more opportunities for
advancement, companies and agencies benefit from the
increased productivity of a fully literate workforce, one
continuously preparing for the future. (See the sidebar on
Online Skills Laboratory.)
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+ Seniors. The aging population is rapidly expanding, and elders
have specific disabilities — visual, hearing, motor, cognitive
— that accompany the neurology of aging. At the same
time, seniors have special strengths that come from their
accumulated wisdom and experience. Capitalizing on those
strengths in supporting life-long learning for seniors requires
careful design of learning environments and the use of
technology so that sensory weaknesses (in vision or hearing)
and mnemonic capacity (in working and associative memory)
do not erect insurmountable barriers to continued learning,
independence, and socialization.

Improving Secondary and
Postsecondary Graduation Rates

Among the consequences of our education system’s failure to
reach all learners is a higher dropout rate than in other developed
countries. Overall, 24% of young people in the United States drop
out of high school (OECD, 2007), but the dropout rate for Latino
and African American students is nearly 50% (Orfield, Losen, Wald,
& Swanson, 2004).

The long-term impact of both high school and college dropout
rates on our society is catastrophic, both in terms of the success
prospects of individuals in life and work and for our nation’s ability
to compete in a global economy (McKinsey & Company, 2009).

Online Skills Laboratory

Community colleges are an essential enabler for a
wide variety of learners to build the skills necessary for
success in the workforce. They serve both college-
age students, often those who are academically
underprepared for or who lack the financial resources
for a four-year college, and adult learners who need
to prepare for new jobs or simply desire to continue
leamning. Both types of learners may be working one
or more jobs while they attend school and have other
adult responsibilities that make it difficult to attend
physical classes on a set schedule.

A new federal program, the Online Skills Laboratory,
intends to build a set of open resources for learning,
with the help of teams of experts in content, pedagogy,
and technology. These courses will be offered free of
charge through a network of community colleges and
will be openly available to adapt and share to meet the
needs of individual teachers or learers. This resource
will supplement the resources currently available in
physical community college spaces and may become
an altemnative path to eaming a degree. For learners
who are raising a family or working a full-time job, this
flexibility offers opportunities for learning that would
otherwise not be available.

Most students report that dropping out of school is a gradual process of disengagement
that can be reversed with more relevant learning experiences and social and emotional

interactions at school. Technology-based programs and resources, including online learning,

tutoring and mentoring, and social networks and participatory communities within and

across educational institutions, can provide both. They can also give students guidance and

information about their own learning progress and opportunities for the future. Specifically,

students need to know what is expected of them as they move from middle school to high

school and from high school to postsecondary education.

Secondary and postsecondary institutions should work separately and together to support
at-risk students in all phases of their education. This support should start early in students’

educational career and intensify if they need it.
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Enabling All Learners to Excel in STEM

The state of science and engineering in the United States is strong, but U.S. dominance
worldwide has eroded significantly in recent years, primarily because of rapidly increasing
capability in East Asian nations, particularly China (National Science Board, 2010). In
addition, new data show that U.S. 15-year-olds are losing ground in science and math
achievement compared with their peers around the world (McKinsey & Company, 2009).

In November 2009, President Obama launched the Educate to Innovate campaign to
improve the participation and performance of America’s students in STEM with the goal of
enabling all learners to excel in STEM. In January 2010, the President announced a new set
of public-private partnerships committing $250 million in private resources to attract, develop,
reward, and retain STEM educators.

In addition, the NSF through its cyberlearning task force initiatives and the President’s
Council of Advisors on Science and Technology (PCAST) is recommending research and
development to guide the restructuring of STEM domains for more effective learning with
technology.

Whereas technology has dramatically changed how students learn in all disciplines,

perhaps nowhere are its effects more profound than in STEM subjects. New technologies

for representing, manipulating, and communicating information and ideas have changed
professional practices and what students need to learn to be prepared for STEM professions.
In particular, technology can be used to support student interaction with STEM content in
ways that promote deeper understanding of complex ideas, engage students in solving
complex problems, and create new opportunities for STEM learning at all levels of our
education system.
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Reaching Our Goal

All learners will have engaging and empowering learning experiences both in and outside of
school that prepare them to be active, creative, knowledgeable, and ethical participants in
our globally networked society.

To meet this goal, we recommend the following actions:

1.1 Recommendation: Revise, create, and adopt standards and learning objectives for all
content areas that reflect 21st century expertise and the power of technology to improve
learning.

Our education system relies on core sets of standards-based concepts and competencies
that form the basis of what all students should learn. Standard-setting bodies for every
academic domain should ensure that their standards reflect 21st century expertise
recognizing the role of technology in contemporary practice. Standards should establish
that in every content area students have learning experiences that exploit the power

and flexibility of technology. The work of revising and disseminating standards should
exploit online collaboration tools. The Department of Education should support standards
development and revision efforts by connecting the various groups and organizations
working on these issues. The Department also should identify and disseminate examples of
standards that reflect the transformative power of technology in learning.

1.2 Recommendation: Develop and adopt learning resources that use technology to embody
design principles from the learning sciences.

Advances in the learning sciences have improved our understanding of how people learn.
The Department of Education should encourage learning science researchers to make their
findings broadly available to private and public sector developers of educational technology
and ask curriculum developers to draw on advances in the learning sciences as they
design and deliver the next generation of technology-based learning content, resources,
courses, and tools. Specifically, new resources should give learners choices about how
they learn, stimulate active engagement, and provide real-time feedback that fosters
learning. Resources also should include self-improving features that enable them to become
increasingly effective through interaction with learners. To expand the availability of these
resources and ensure their continuous improvement, the Department should fund research
and the development of exemplary resources that implement learning science principles.
Schools and districts should adopt effective technology-based resources as they become
available.

1.3 Recommendation: Develop and adopt learning resources that exploit the flexibility and
power of technology to reach all learners anytime and anywhere.

The “always on” nature of the Internet, mobile access devices, and students’ technology

fluency give states, districts, and schools opportunities to offer on-demand learning
experiences that are available anytime and anywhere. Private and public sector developers

Transforming American Education: Learning Powered by Technology



of instructional materials should exploit the flexibility and adaptability of technology, paying
special attention to learners who have been marginalized in many educational settings:
students from low-income communities and minorities, English language learners, students
with disabilities, students who are gifted and talented, students from diverse cultures and
linguistic backgrounds, and students in rural areas. Developers should combine technology
with design principles for individualized, differentiated, and personalized learning and with
Universal Design for Learning (UDL) principles to support multiple options for representing
ideas and for embedding supportive structures and processes within both commercially
available and open learning resources. States and districts should adopt and implement
these resources to the extent possible.

1.4 Recommendation: Use advances in the learning sciences and technology to enhance
STEM (science, technology, engineering, and mathematics) learning, and develop, adopt,
and evaluate new methodologies with the potential to enable all learners to excel in STEM.

New technologies for representing, manipulating, and communicating information and

ideas have changed professional practices in STEM fields and what students need to learn
to be prepared for STEM professions. The Department of Education should cooperate

with the National Science Foundation (NSF), its cyberlearning task force initiatives, and

the President’s Council of Advisors on Science Technology (PCAST) Subcommittee on
Education to restructure instruction in the STEM knowledge domains to mirror contemporary
professional practice and reflect the use of technology. States, districts, and schools should
use the vast array of online resources in STEM fields and the technology tools and resources
currently used by STEM professionals to create relevant and applied curricula that engage
students in complex problem solving and collaborative learning with their peers and with
experts in the field.
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Assessment:
Measuring What Matters

Goal: Our education system at all levels will leverage the power of technology to measure
what matters and use assessment data for continuous improvement.

Most of the assessment done in schools today is after the fact and designed to indicate only
whether students have learned. Little is done to assess students’ thinking during learning

so we can help them learn better. Nor do we collect and aggregate student learning data in
ways that make the information valuable to and accessible by educators, schools, districts,
states, and the nation to support continuous improvement and innovation. We are not using
the full flexibility and power of technology to design, develop, and validate new assessment
materials and processes for both formative and summative uses.

Just as learning sciences and technology play an essential role in helping us create

more effective learning experiences, when combined with assessment theory they also

can provide a foundation for much-needed improvements in assessment (Pellegrino,
Chudowsky, & Glaser, 2001; Tucker, 2009). These improvements include finding new and
better ways to assess what matters, doing assessment in the course of learning when
there is still time to improve student performance, and involving multiple stakeholders in the
process of designing, conducting, and using assessment.

Equally important, we now are acutely aware of the need to make data-driven decisions at
every level of our education system on the basis of what is best for each and every student
— decisions that in aggregate will lead to better performance and greater efficiency across
the entire system.
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What We Should Be Assessing

To change our thinking about what we should be assessing, President Obama has issued
the following challenge:

“I'm calling on our nation’s governors and state education chiefs to develop standards
and assessments that don’t simply measure whether students can fill in a bubble on a
test, but whether they possess 21st century skills like problem-solving and critical think-

ing and entrepreneurship and creativity.”
—President Barack Obama, March 10, 2009

Measuring these complex skills requires designing and developing assessments that
address the full range of expertise and competencies implied by the standards. Cognitive
research and theory provide rich models and representations of how students understand
and think about key concepts in the curriculum, and how the knowledge structures we want
students to have by the time they reach college develop over time. An illustration of the
power of combining research and theory with technology is provided by the work of Jim
Minstrell, a former high school physics teacher who developed an approach to teaching and
assessment that carefully considers learners’ thinking.

Minstrell’'s work began with a compilation of student ideas about force and motion based

on both the research literature and the observations of educators. Some of these student
ideas, or “facets” in Minstrell’s terminology, are considered scientifically correct to the degree
one would expect at the stage of introductory physics. Others are partially incorrect and

still others are seriously flawed. Using these facets as a foundation, Minstrell designed a
web-based assessment program with sets of questions that can be used to inform learning
about force and motion, rather than simply test how much students have learned (Minstrell &
Kraus, 2005). Minstrell's facet assessments and instructional materials are available on the
web (www.diagnoser.com).

26 Transforming American Education: Learning Powered by Technology



Technology Supports Assessing
Complex Competencies

As Minstrell's and others’ work shows, through multimedia, interactivity, and connectivity

it is possible to assess competencies that we believe are important and that are aspects

of thinking highlighted in cognitive research. It also is possible to directly assess
problem-solving skills; make visible sequences of actions taken by learners in simulated
environments; model complex reasoning tasks; and do it all within the contexts of relevant
societal issues and problems that people care about in everyday life (Vendlenski & Stevens,
2002).

Other technologies enable us to assess how well students communicate for a variety of
purposes and in a variety of ways, including in virtual environments. An example of this is
River City, a decade-long effort at Harvard University funded by the NSF. River City is a
multi-user virtual environment designed by researchers to study how students learn through
using it (Dede, 2009). This virtual environment was built as a context in which middle school
students could acquire concepts in biology, ecology, and epidemiology while planning and
implementing scientific investigations in a virtual world.

River City takes students into an industrial city at the time in the 18th-century when scientists
were just beginning to discover bacteria. Each student is represented as an avatar and
communicates with other student avatars through chat and gestures. Students work in
teams of three, moving through River City to collect data and run tests in response to the
mayor’s challenge to find out why River City residents are falling ill. The student teams form
and test hypotheses within the virtual city, analyze data, and write up their research in a
report they deliver to the mayor.

Student performance in River City can be assessed by analyzing the reports that are the
culmination of their experiences, and also by looking at the kinds of information each
student and each student team chose to examine and their moment-to-moment movements,
actions, and utterances. On the basis of student actions in River City, researchers developed
measures of students’ science inquiry skills, sense of efficacy as a scientist, and science
concept knowledge (Dede, 2009; Dieterle, 2009). Materials and other resources have been
developed to support educators in implementing River City in their classrooms.

As the River City example illustrates, just as technology has changed the nature of inquiry
among professionals, it can change how the corresponding academic subjects can be
taught and tested. Technology allows representation of domains, systems, models, data,
and their manipulation in ways that previously were not possible. Technology enables the
use of dynamic models of systems, such as an energy-efficient car, a recycling program, or
a molecular structure. Technology makes it possible to assess students by asking them to
design products or experiments, to manipulate parameters, run tests, record data, and graph
and describe their results.

Another advantage to technology-based assessments is we can use them to assess
what students learn outside school walls and hours as well as inside. Assuming that we
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have standards for the competencies students must have and valid, reliable techniques
for measuring these competencies, technology can help us assess (and reward) learning
regardless of when and where it takes place.

The National Assessment of Educational Progress (NAEP) has designed and fielded several
technology-based assessments involving complex tasks and problem situations (Bennett,
Persky, Weiss, & Jenkins, 2007). One of these calls on students to interact with a simulation
of a hot-air balloon (see sidebar).

Technology-based Assessment Using a Hot-Air Balloon Simulation

The National Assessment of Educational Progress (NAEP) has been exploring the use of more
complex assessment tasks enabled by technology. In one technology-based simulation task, for
example, eighth-graders are asked to use a hot-air balloon simulation to design and conduct an
experiment to determine the relationship between payload mass and balloon altitude (see screen
shot below). After completing the tutorial about the simulation tool interface, students select
values for the independent variable payload mass. They can observe the balloon rise in the flight
box and note changes in the values of the dependent variables of altitude, balloon volume, and
time to final altitude.

In another problem, the amount of helium, another independent variable, is held constant to
reduce the task’s difficulty. Students can construct tables and graphs and draw conclusions by
clicking on the buttons below the heading Interpret Results. As they work with the simulation,
students can get help if they need it: a glossary of science terms, science help about the
substance of the problem, and computer help about the buttons and functions of the simulation
interface are built in to the technology environment. The simulation task takes 60 minutes to complete,
and student performance is used to derive measures of the student’s computer skills, scientific inquiry
exploration skills, and scientific inquiry synthesis skills within the context of physics.
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Using Technology to Assess in Ways That
Improve Learning

There is a difference between using assessments to determine what students have learned
for grading and accountability purposes (summative uses) and using assessments to
diagnose and modify the conditions of learning and instruction (formative uses). Both uses
are important, but the latter can improve student learning in the moment (Black & Wiliam,
1998; Black et al., 2004). Concepts that are widely misunderstood can be explained and
demonstrated in a way that directly addresses students’ misconceptions. Strategic pairing of
students who think about a concept in different ways can lead to conceptual growth for both
of them as a result of experiences trying to communicate and support their ideas.

Assessing in the classroom

Educators routinely try to gather information about their students’ learning on the basis of
what students do in class. But for any question posed in the classroom, only a few students
respond. Educators’ insight into what the remaining students do and do not understand is
informed only by selected students’ facial expressions of interest, boredom, or puzzlement.

To solve this problem, a number of groups are exploring the use of various technologies to
“instrument” the classroom in an attempt to find out what students are thinking. One example
is the use of simple response devices designed to work with multiple-choice and true/false
questions. Useful information can be gained from answers to these types of questions if they
are carefully designed and used in meaningful ways. Physics professor Eric Mazur poses
multiple-choice physics problems to his college classes, has the students use response
devices to answer questions, and then has them discuss the problem with a peer who gave
a different answer. Mazur reports much higher levels of engagement and better student
learning from this combination of a classroom response system and peer instruction

(Mazur, 1997).

Science educators in Singapore have adopted a more sophisticated system that supports
peer instruction by capturing more complex kinds of student responses. Called Group
Scribbles, the system allows every student to contribute to a classroom discussion by
placing and arranging sketches or small notes (drawn with a stylus on a tablet or handheld
computer) on an electronic whiteboard. One educator using Group Scribbles asked groups
of students to sketch different ways of forming an electric circuit with a light bulb and to
share them by placing them on a whiteboard. Students learned by explaining their work to
others, and through providing and receiving feedback (Looi, Chen, & Ng, 2010).
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Using Networked Graphing Calculators for
Formative Assessment

Over a wireless network, students can contribute
mathematical content to the classroom, such as
algebraic functions or graphs — content that is much
richer than the answer to a multiple-choice question.

Mrs. J, an experienced science teacher in an urban
middle school, participated in a large field trial testing
the effectiveness of networked graphing calculators.
When district-level tests had revealed that her
students struggled to interpret graphs, Mrs. J used
the graphing calculator-based wireless system to
implement weekly practice on graph interpretations,
overcoming her initial feeling that ‘technology is just
overwhelming.” She reported that “I have taught for
18 years and | have been in seventh-grade science for
about 15 of the 18...and there are things that | have
always been really sure that.. .kids have understood
completely. Now | see what they are thinking. And |
am like, whoa, | am just amazed.”

Mrs. J used the insights into her students’
misunderstandings as revealed by the graphs they
constructed to guide her instructional decisions.

Mrs. J also found the classroom network

technology beneficial for providing specific help for
individual students: “We were doing earth and sun
relationships...revolution versus rotation...and...l was
able to...see who was making those mistakes still....
So it helped me because | could pinpoint [students’
weaknesses] without embarrassing them.”

Source: Case study submitted to the NETP web-site,
edftechfuture.org.
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Assessing during online learning

When students are learning online, there are multiple opportunities
to exploit the power of technology for formative assessment. The
same technology that supports learning activities gathers data in
the course of learning that can be used for assessment (Lovett,
Meyer, & Thille, 2008). An online system can collect much more
and much more detailed information about how students are
learning than manual methods. As students work, the system can
capture their inputs and collect evidence of their problem-solving
sequences, knowledge, and strategy use, as reflected by the
information each student selects or inputs, the number of attempts
they make, the number of hints and feedback given, and the time
allocation across parts of the problem.

The ASSISTment system, currently used by more than 4,000
students in Worcester County Public Schools in Massachusetts, is
an example of a web-based tutoring system that combines online
learning and assessment activities (Feng, Heffernan, & Koedinger,
2009). The name “ASSISTment” is a blend of tutoring “assistance”
with “assessment” reporting to educators. The ASSISTment system
was designed by researchers at Worcester Polytechnic Institute
and Carnegie Mellon University to teach middle school math
concepts and to provide educators with a detailed assessment

of students’ developing math skills and their skills as learners. It
gives educators detailed reports of students’ mastery of 100 math
skills, as well as their accuracy, speed, help-seeking behavior, and
number of problem-solving attempts. The ASSISTment system
can identify the difficulties that individual students are having and
the weaknesses demonstrated by the class as a whole so that
educators can tailor the focus of their upcoming instruction.

When students respond to ASSISTment problems, they receive
hints and tutoring to the extent they need them. At the same time,
how individual students respond to the problems and how much
support they need from the system to generate correct responses
constitute valuable assessment information. Each week, when
students work on the ASSISTment website, the system “learns”
more about the students’ abilities and thus can provide increasingly
appropriate tutoring and can generate increasingly accurate
predictions of how well the students will do on the end-of-year
standardized test. In fact the ASSISTment system has been
found to be more accurate at predicting students’ performance on
the state examination than the pen-and-paper benchmark tests
developed for that purpose (Feng, Heffernan, & Koedinger, 2009).

Transforming American Education: Learning Powered by Technology



How Technology Supports Better Assessment

Adaptive assessment facilitates differentiated learning

As we move to a model where learners have options in terms of how they learn, there is

a new role for assessment in diagnosing how best to support an individual learner. This
new role should not be confused with computerized adaptive testing, which has been used
for years to give examinees different assessment items depending on their responses to
previous items on the test in order to get more precise estimates of ability using fewer test
items.

Adaptive assessment has a different goal. It is designed to identify the next kind of learning
experience that will most benefit the particular learner. The School of One demonstration
project (see the sidebar on the School of One in the Learning section) used adaptive
assessment to differentiate learning by combining information from inventories that students
completed on how they like to learn with information on students’ actual learning gains after
different types of experiences (working with a tutor, small-group instruction, learning on line,
learning through games). This information was used to generate individual “playlists” of
customized learning activities for every student.

An example of adaptive assessment in higher education is Carnegie Mellon’s Online
Learning Initiative (OLI) as described in the sidebar on Meshing Learning and Assessment
in Online and Blended Instruction.

Universal Design for Learning improves accessibility

Technology allows the development of assessments designed using Universal Design for
Learning (UDL) principles that make them more accessible, effective, and valid for students
with greater diversity in terms of disability and English language capability. (See the sidebar
on Universal Design for Learning in the Learning section.)

Most traditional tests are written in English and can be taken only by sighted learners who
are fluent in English. Technology allows for presentation and assessment using alternative
representations of the same concept or skill and can accommodate various student
disabilities and strengths. Moreover, having the option of presenting information through
multiple modalities enlarges the proportion of the population that can be assessed fairly.

Technology also can support the application of UDL principles to assessment design. For
example, the Principled-Assessment Designs for Inquiry (PADI) system developed by
Geneva Haertel, Robert Mislevy and associates (Zhang et al., 2010) is being used to help
states develop science assessment items that tap the science concepts the states want

to measure and minimize the influence of extraneous factors such as general English
vocabulary or vision. Technology can support doing this labor-intensive work more efficiently
and provides a record of all the steps taken to make each assessment item accessible and
fair for the broadest number of students.
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Meshing Learning and Assessment in Online and
Blended Instruction

The online learning systems being developed through the
Open Leamning Initiative (OLI) at Carnegie Mellon University
illustrate the advantages of the kind of integration of learning
and assessment activities that is possible with technology-
based instruction. The R&D team at Camegie Mellon set out
to both design and study leaming systems based on learning
science principles. One of those key principles is to provide
learners with goal-directed practice and feedback on their
performance. In the OLI courses, feedback is woven into a
wide variety of activities. In a biology course, for example,
there are:

* Interactive simulations of biological processes that students
can manipulate; the student’s interaction with the simulation
is interspersed with probes to get at their understanding of
how it works

* “Did | Get This?” quizzes following presentation of new
material so that students can check for themselves whether
or not they understood, without any risk of hurting their
course grade

» Short essay questions embedded throughout the course
material that call on students to make connections across
concepts

* “‘Muddiest Point” requests that ask students what they
thought was confusing

Tutored problem solving gives students a chance to work
through complex problems with the opportunity to get scaffolds
and hints to help them. The students receive feedback on their
solution success after doing each problem, and the system
keeps track of how much assistance students needed for each
problem as well as whether or not they successfully solved i.

When OLI courses are implemented in a blended instruction
mode that combines online and classroom learning, the
instructor can use the data that the learing system collects as
students work online to identify the topics students most need
help on so that they can focus upcoming classroom activities
on those misconceptions and errors (Brown, Lovett, Bajzek, &
Burnette, 2006). OLI is now doing R&D on a digital dashboard
to give instructors an easy-to-read summary of the online
leamning data from students taking their course.

The OLI has developed learning systems for engineering
statics, statistics, causal reasoning, economics, French, logic
and proofs, biology, chemistry, physics, and calculus. A study
contrasting the performance of students randomly assigned to
the OL| statistics course with those in conventional classroom
instruction found that the former led to better student leaming
outcomes in half the time (Lovett, Meyer, & Thille, 2008).
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Technology speeds development and testing of
new assessments

One challenge associated with developing new technology-
based assessments is the time and cost of developing,
testing for validity and reliability, and implementation. Here,
too, technology can help. When an assessment item is
developed, it can be field tested automatically by putting

it into a web-based learning environment with thousands
of students responding to it in the course of their online
learning. Data collected in this way can help clarify the
inferences derived from student performance and can be
used to improve features of the assessment task prior to its
large-scale use.

Technology enables broader involvement in
providing feedback

Some performances are so complex and varied that we

do not have automated scoring options at present. In such
cases, technology makes it possible for experts located
thousands of miles away to provide students with authentic
feedback. This is especially useful as educators work to
incorporate authentic problems and access to experts into
their instruction.

The expectation of having an audience outside the classroom
is highly motivating for many students. Students can post
their poems to a social networking site or make videotaped
public service announcements for posting on video-sharing
sites and get comments and critiques. Students who are
developing design skills by writing mobile device applications
can share their code with others, creating communities of
application developers who provide feedback on each other’s
applications. Ultimately, their success can be measured by
the number of downloads of their finished applications.

For many academic efforts, the free-for-all of the Internet
would not provide a meaningful assessment of student
work, but technology can support connections with online
communities of individuals who do have the expertise and
interest to be judges of students’ work. Practicing scientists
can respond to student projects in online science fairs.
Readers of online literary magazines can review student
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writing. Professional animators can judge online filmmaking
competitions. Especially in contests and competitions, rubrics are
useful in communicating expectations to participants and external
judges and in helping promote judgment consistency.

Technology also has the potential to make both the assessment
process itself and the data resulting from that process more
transparent and inclusive. Currently, only average scores and
proficiency levels on state assessments are widely available
through both public and private systems. Still, parents,
policymakers, and the public at large can see schools’ and districts’
test scores and in some instances, test items. This transparency
increases public understanding of the current assessment system.

Technology could reduce test-taking for
accountability only

Many educators, parents, and students are concerned with the
amount of class time devoted to taking tests for accountability
purposes. Students are not only completing the tests required every
year by their states, they also are taking tests of the same content
throughout the year to predict how well they will perform on the
end-of-year state assessment (Perie, Marion, & Gong, 2009).

When teaching and learning are mediated through technology, it
is possible to reduce the number of external assessments needed
to audit the education system’s quality. Data streams captured by
an online learning system can provide the information needed to
make judgments about students’ competencies. These data-based
judgments about individual students could then be aggregated to
generate judgments about classes, schools, districts, and states.

Moving Assessment Data from the Classroom to
the State

West Virginia’s techSteps program is an example of
an assessment system coordinated across levels of
the education system. TechSteps is organized around
six technology integration activities per grade level.
The activities are sequenced to introduce technology
skills developmentally and in a 21st century context,
and are largely open-ended and flexible, so they can
be integrated into county and school curricula.

Each techSteps activity includes a classroom
assessment rubric. After a student completes a
techSteps activity, the teacher enters an assessment
of his or her performance against the rubric into

the techSteps web site. TechSteps uses the
teacher-completed rubric form to identify the target
Skills demonstrated by that student and uses this
information to build the student’s Technology Literacy
Assessment Profile.

Through techSteps, West Virginia is able to have
statewide student data on technology proficiencies at
each grade level without requiring a separate “drop-in-
from-the-sky” technology test.

Source: Submitted to the NETP web-site, edtechfuture.org.

West Virginia uses this strategy in its assessment of students’ technology skills. As this

example, described in the sidebar, illustrates, the need for year-end summative tests can

be reduced if the student data collected, analyzed, and recorded by formative, embedded

assessments are valid, reliable, and of a manageable and actionable level of detail.

Prospects for Electronic Learning Records

Technology provides new options for documenting student accomplishments. At New Tech

High School in Napa, California, for example, students are continuously assessed on a set

of core competencies as well as on the specific content in their courses. Students receive

separate ratings for critical thinking, written and oral communication, technology literacy, and

collaboration in addition to their grades on course content. These ratings are posted on an

online grade book available to students, their parents, and teachers.
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Using Technology to Make the Link Between
Assessment Data and Instructional Resources

To encourage teachers to make formative use of
assessment data, Fairfax County Public Schools
(FCPS) developed eCART (Electronic Curriculum
Assessment Resource Tool). This web-based system
allows teachers to access everything, from lesson plans
to assessment tools, all in one place.

eCARTs searchable database provides access to
district-approved resources and curriculum correlated
to specific standards, benchmarks, and indicators. It
allows teachers to create assessments using varied
combinations of FCPS common assessment items.

The eCART assessment items were developed by
district teachers and designed to provide diagnostic
information. The assessments are used to reveal
student misconceptions and skills that need to be
reinforced.

Using assessment results for their students,

Fairfax teachers can follow links to a large library

of instructional resources including supplementary
materials, lesson plans, work sheets, and web links.
Students can take eCART assessments online or using
pencil and paper (in which case teachers have answer
sheets scanned and entered into the system).

According to Mike Foland, project manager for the
district’s Instructional Technology Support Services,
eCART was developed in response to teachers’
needs. Foland said, “A need was identified for a single
one-stop shop to allow teachers access to resources,
standards, assessments, and the results from those
assessments, and then the ability based on those
results to mine resources and use them to support
instruction in the classroom and beyond.”

Student eCART assessment results are stored in the
district’s data system so that classroom assessment
data can be viewed along with benchmark assessment
data and results from state tests. Having a common
set of formative assessments enables comparisons of
student performance across classrooms and schools.
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Much like electronic medical records in this country, electronic
learning records could stay with students throughout their lives,
accumulating evidence of student growth across courses and
across school years. A logical extension of online grade books
and other electronic assessments, these electronic learning
records would include learning experiences and demonstrated
competencies, including samples of student work.

The way collaboration skills are assessed at New Tech offers an
example. Students learn through interdisciplinary projects, almost
all of which they tackle in groups. At the end of each project, each
student provides an anonymous online rating of the quality of
collaboration of every other member in the group. The collaboration
ratings that a student has received across projects and across
years at New Tech are part of his or her electronic learning portfolio.

Many schools are using electronic portfolios and other digital
records of students’ work as a way to demonstrate what they have
learned. Although students’ digital products are often impressive on
their face, a portfolio of student work should be linked to an analytic
framework if it is to serve assessment purposes. The portfolio
reviewer needs to know what competencies the work is intended

to demonstrate, what the standard or criteria for competence are

in each area, and what aspects of the work provide evidence of
meeting those criteria. Definitions of desired outcomes and criteria
for levels of accomplishment can be expressed in the form of
rubrics.

An advantage of using rubrics is that they can be communicated
not only to the people judging students’ work but also to the
students themselves. When students receive assessment rubrics
before doing an assignment — and especially when students
participate in developing the rubrics — they can develop an
understanding of how quality is judged in the particular field they
are working in (for example, an essay of literary criticism, the
design of a scientific experiment, or a data analysis).

As with any other kind of assessment score, ratings derived from
rubrics should be both valid (demonstrated to measure what they
are intended to measure) and reliable (consistent no matter who the
rater is). Before rubrics are used on a larger scale for assessments
that have consequences for schools and students, their validity and
reliability must be established. Widely used writing assessments
offer one example of how this process works.
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Using Assessment Data to
Drive Continuous Improvement

Once we have assessments in place that assess the full range of expertise and
competencies reflected in standards, we could collect student learning data and use the data
to continually improve learning outcomes and productivity. For example, such data could be
used to create a system of interconnected feedback for students, educators, parents, school
leaders, and district administrators.

The goal of creating an interconnected feedback system would be to ensure that key
decisions about learning are informed by data and that data are aggregated and made
accessible at all levels of the education system for continuous improvement. The challenge
associated with this idea is to make relevant data available to the right people, at the right
time, and in the right form.

Included in this system should be assessment data to support educators’ efforts to improve
their professional practice. Data from student assessments can enable teachers to become
more effective by giving them evidence regarding the effectiveness of the things they do.

In addition, teams of educators reflecting on student data together can identify colleagues
who have the most success teaching particular competencies or types of students, and
then all team members can learn from the practices used by their most effective colleagues
(Darling-Hammond, 2010; U.S. Department of Education, 2010). Using student data in this
way could also improve educators’ collaboration skills and skills in using data to improve
instruction. At times, it might be useful to have educators use common assessments to
facilitate this kind of professional learning.

The same student learning data that guide students and educators in their decision-making
can inform the work of principals and district administrators. Administrators and policymakers
should be able to mine assessment data over time to examine the effectiveness of their
programs and interventions.

The need for student data plays out at the district level as well. Districts adopt learning
interventions they believe will address specific learning needs, but these interventions
often rely on untested assumptions and intuition. In a data-driven continuous improvement
process, the district could review data on the intervention’s implementation and student
learning outcomes after each cycle of use, and then use the data as the basis for refining
the learning activities or supports for their implementation to provide a better experience for
the next group of students.

As good as technology-based assessment and data systems might be, educators

need support in learning how to use them. An important direction for development and
implementation of technology-based assessment systems is the design of technology-based
tools that can help educators manage the assessment process, analyze data, and take
appropriate action.
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FERPA

The Family Educational Rights and Privacy Act
(FERPA) is a federal law that protects students’ privacy
by prohibiting disclosure of education records without
adult consent. FERPA also allows parents and students
over age 18 to inspect and review education records
and request that inaccuracies be corrected.

Schools may share basic “directory” information, such
as student names and phone numbers, if they give
parents the opportunity to opt out. However, advance
written permission is required to release all other
student-level information, such as student coursework,
class discussions, recorded comments, and grades,

if they are linked to any information that would enable
a member of the school community to identify the
student. Several exceptions in the law allow individuals
such as teachers and administrators with a legitimate
educational interest in the student’s record to access
personally identifiable student data without prior parent
consent.

In 2008, FERPA was updated to provide better access
to education data for research and accountability.
These changes permit the release of student-level
data that has been stripped of personally identifying
information and allow states to share student
information in consolidated education data systems
designed to improve student achievement.

Clear guidance on how schools can collect and

share data without compromising student safety and
anonymity would empower educators and learners to
take full advantage of emerging technologies and tools
without fear of violating FERPA.

Source: htip:/imww.ed.govipolicy/gen/quidfpcofferpa/index.html
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Removing Technical and Regulatory Barriers

Two types of challenges to realizing the vision of sharing data
across systems are technical and regulatory. On the technical front,
multiple student data systems, the lack of common standards for
data formats, and system interoperability pose formidable barriers
to the development of multi-level assessment systems.

For example, student and program data today are collected at
various levels and in various grain sizes to address different needs
in the educational system. State data systems generally provide
macro solutions, institution-level performance management
systems are micro solutions, and student data generated by
embedded assessment are nano solutions. Providing meaningful,
actionable information that is collected across multiple systems will
require building agreement on the technical format for sharing data.

On the regulatory front, regulations such as the Family Educational
Rights and Privacy Act (FERPA) serve the very important purpose
of protecting the rights of individuals but also can present barriers to
data sharing and the improvement of education through research.
Many of the barriers to research and data sharing posed by

FERPA in its original form were reduced or eliminated through a
2008 revision of the act. Still, varying interpretations of FERPA
requirements and differences in district and state policies have made
data sharing a complex, time-consuming, and expensive process.

Reducing the technical and regulatory barriers to data aggregation
and sharing would facilitate efficient use of data that are already
being collected to make judgments about students’ learning
progress and the effectiveness of education programs.
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Reaching our Goal

Our education system at all levels will leverage the power of technology to measure what
matters and use assessment data for continuous improvement.

To meet this goal, we recommend the following actions:

2.1 Recommendation: Design, develop, and adopt assessments that give students,
educators, and other stakeholders timely and actionable feedback about student learning to
improve achievement and instructional practices.

Assessments can be used formatively to improve students’ learning in addition to measuring
what they have learned. The Department of Education should urge states and districts to
use technology-based assessments in this way and promote partnerships between states
and private and public sector organizations to design, develop, validate, and scale up such
assessment resources. States and districts should partner in the assessment design and
validation process and adopt valid and reliable technology-supported assessment tools

as they become available. Districts, schools, and colleges of education should provide
educators with professional learning opportunities that teach them to use assessments
formatively to improve instructional practices.

2.2 Recommendation: Build the capacity of educators and educational institutions to
use technology to improve assessment materials and processes for both formative and
summative uses.

States and districts should seek objective advice about the quality of available assessment
instruments, mechanisms for assessment delivery and scoring, and the timely use of
assessment information in monitoring outcomes and continuously improving the processes
of teaching and learning. Building the capacity to use technology to measure what matters
will not be accomplished overnight, and to accelerate progress the Department of Education
should connect assessment and technology experts with education policymakers and
practitioners to support the transition. This should include creating forums and resources
that enable experts to advise states and districts about using technology to substantially
improve the quality of their assessment materials and processes on an ongoing basis.

2.3 Recommendation: Conduct research and development that explore how gaming
technology, simulations, collaboration environments, and virtual worlds can be used
in assessments to engage and motivate learners and to assess complex skills and
performances embedded in standards.

Interactive technologies can support measuring complex performances that cannot be
assessed with conventional testing formats. Such technologies, especially games, also
have the advantage of being highly engaging because they provide immediate performance
feedback so that players always know how they are doing. The Department of Education
should provide a clearinghouse of information for states, districts, and schools about current
research and evaluation on new forms of technology-based learning and assessment.
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Assessment and interactive technology experts should collaborate to explore assessment
systems embedded in games and other interactive technologies. States and districts should
consider adopting these systems as they become validated and available.

2.4 Recommendation: Revise practices, policies, and regulations to ensure privacy and
information protection while enabling a model of assessment that includes ongoing student
learning data gathering and sharing for continuous improvement.

Every parent of a student under 18 and every student over 18 should have the right to
access the student’s assessment data in the form of an electronic learning record that
follows the student throughout his or her educational career. At the same time, appropriate
safeguards, including stripping records of identifying information and aggregating data
across students, classrooms, and schools, can make it possible to supply education data
derived from student records to other legitimate users without compromising student privacy.
The Department of Education should encourage K-12 and higher education institutions

and districts and states to partner with each other to invest in pilot projects that explore

new policies and strategies for achieving this. At the national level, the Department should
support the development and dissemination of “best practices” that ensure privacy protection
while providing access to data that can be used in decision-making, evaluation, and research
at the district, state, and national levels.
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Teaching:
Improving Learning Through Connected Teaching

Goal: Professional educators will be supported individually and in teams by technology that
connects them to data, content, resources, expertise, and learning experiences that can
empower and inspire them to provide more effective teaching for all learners.

Teaching today is practiced mostly in isolation. Many educators work alone, with little
interaction with professional colleagues or experts in the outside world. Professional
development typically is provided in short, fragmented, and episodic workshops that offer
little opportunity to integrate learning into practice. A classroom educator’s primary job is
understood to be covering the assigned content and ensuring that students test well. Many
educators do not have the information, the time, or the incentives to continuously improve
their professional practice from year to year.

In contrast, effective teaching in the 21st century requires innovation, problem solving,
creativity, continuous improvement, research, diagnostic use of data, and flexible and
personalized approaches to meeting students’ diverse needs and strengths. As a result,
the most effective educators are professionals with complex knowledge, expertise, and
competencies, not merely deliverers of content and managers of well-behaved classrooms.

Unfortunately, our education system often fails to give educators the tools to do their job
well. We hold educators responsible for student achievement, but we do not support them
with the latest technology the way we do professionals in other fields. The technology of
everyday life has moved well beyond what educators regularly use to support student learning

Not surprisingly, half of freshly minted teachers leave the profession within the first five
years (Ingersoll & Smith, 2003), and policymakers and education leaders point to a lack
of effective teaching and the need for greater accountability among teachers as the key to
fixing education in America.

Although the expectation of effective teaching and accountability for professional

educators is a critical component of transforming our education system, equally important

is recognizing that we need to strengthen and elevate the teaching profession. This is
necessary if we are to attract and retain the most effective educators and achieve the
learning outcomes we seek. Just as leveraging technology can help us improve learning and
assessment, technology can help us build the capacity of educators by enabling a shift to a
model of connected teaching.
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Principles of Connected Teaching

In a connected teaching model, connection replaces isolation. Classroom educators are fully
instrumented, with 24/7 access to data about student learning and analytic tools that help
them act on the insights the data provide. Educators are connected to their students and to
professional content, resources, and systems that empower them to create, manage, and
assess engaging and relevant learning experiences for students both in and outside school.
They also are connected to resources and expertise that improve their own instructional
practices and that guide them in becoming facilitators and collaborators in their students’
increasingly self-directed learning.

In connected teaching, teaching is a team activity. Individual educators build online learning
communities consisting of their students and their students’ peers; fellow educators in their
schools, libraries, and afterschool programs; professional experts in various disciplines
around the world; members of community organizations that serve students in the hours they
are not in school; and parents who desire greater participation in their children’s education.

Episodic and ineffective professional development is replaced by professional learning that
is collaborative, coherent, and continuous and that blends more effective in-person courses
and workshops with the expanded opportunities, immediacy, and convenience enabled by
online learning. For their part, the colleges of education and other institutions that prepare
teachers play an ongoing role in the professional growth of their graduates by partnering
with schools and organizations that provide engaging and relevant learning experiences
throughout the entire course of their careers.

Connected teaching also enables our education system to provide access to effective
teaching and learning resources where they are not otherwise available and provide more
options for all learners at all levels. This is accomplished by augmenting the expertise and
competencies of specialized and exceptional educators with online learning systems and
through on-demand courses and other self-directed learning opportunities.

The technology that enables connected teaching is available now, but not all the

conditions necessary to leverage it are. Many of our existing educators do not have the
same understanding of and ease with using technology that is part of the daily lives of
professionals in other sectors and with this generation of students. The same can be said of
many of the education leaders and policymakers in schools, districts, and states, and of the
higher education institutions that prepare new educators for the field.

This gap in technology understanding influences program and curriculum development,
funding and purchase decisions about educational and information technology in schools,
and pre-service and in-service professional learning. Too often, this gap prevents technology
from being used in ways that would improve instructional practices and 